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BEST BUY FOR 
AIR SUPPLY 


UP TO Shp...NEW WORTHINGTON 
MONOBLOC 9G “COMPRESSOR 


Based on purchase price, on extremely long compressor 
life .. . and on safety, too... your best buy for a 12- 
to 5-h.p. air supply is the new Worthington MONOBLOC 
X-Compressor. 

First, the MONOBLOC saves you $30 or more for parts 
and labor because it comes completely wired. There’s 
no starting switch to buy and install and wire in. 

It’s more economical, too, because all your money 
goes to buying a quality motor, compressor, controls 
and tank. You don’t waste it on unnecessary belts, 
belt-guard, sheaves, long base and on the labor required 
for assembling them. 

Is floor space important to you? The MONoBLOC 
vertical tanks save over 60% of space required by old- 
style horizontal units. A 10” radius circle for the 60-gal. 
tank; a 12” radius circle for the 80-gal. tank. 

The MONoBLOC costs less to run. All power goes to 
the compressor—no power loss in belt friction. (No belt 
guards or belt replacements.) 

Of course, you want long compressor life. The 
MONOBLOC is built with the new Worthington X-Com- 
pressor design that virtually eliminates harmful vibra- 
tion. The wide-stance X-shape design reduces vibration 
to the point where a coin can be balanced on the unit 
during starting, running and stopping. 

A silicon-treated filter element removes over 99% of 
the dirt from incoming air—the most dangerous source 
of compressor wear. Tapered roller bearings cut friction. 
The large lubricating oil sump permits better cooling, 
less danger from low oil supply. These and other 
design features assure extremely long compressor life. 

We and our distributors are ready and happy to show 
you why there’s no better way of buying cheap air 
today. Call the Worthington Distributor listed in your 
Yellow Pages. Worthington Corporation, Section 34-8, 
Holy~ke, Massachusetts. 


WORTHINGTON 
PRODUCTS THAT WORK FOR YOUR PROFIT 








BEARINGS 


FOR FORD...QUALITY, THAT'S ALL For many years, Aetna bearings have been a part 
of Ford cars and trucks, helping to maintain their high standards of efficiency. In many 
Fords, Aetna roller bearings are a vital component in the differential. Clutch release 
bearings by Aetna also assure smooth transfer from low to high speeds. Apply this same 
anti-friction efficiency and quality to your product. Aetna bearings are available in a 
wide range of sizes in both roller and ball types, plus many special designs in both pure 
radial and pure thrust. For details, call your Aetna representative listed in your telephone 
directory or write for General Catalog and Engineering Manual. 


DIVISION OF PARKERSBURG-AETNA CORPORATION CHICAGO 339, ILL. 


, 


AETNA BALL and ROLLER BEARING COMPANY 4600 SCHUBERT AVE. \ 


ANTI-FRICTION SUPPLIERS TO LEADING ORIGINAL EQUIPMENT MANUFACTURERS SINCE 1916 
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ENGINEERING 


Interlocking Fasteners 

When your assembly calls for sheetmetal, here 
are 8 sheetmetal parts that join the sections 
together—little need for tools, 

screws or bolts. L Kasper 


Fiber Optics Grows Up 

They were once only a laboratory curiosity. 
But nowadays these remarkable image pipes are 
beginning to show up as commercially available 
hardware, ready to be adapted to the design 
you’re working on. Charles J Lynch 


This Car Make Grease Gun Obsolete 
Designed for minimum maintenance, all of its 
greased bearings, as well as the radiator, 

are sealed at the factory. 


The Best Industrial Designer 

How to select the person you need: Make sure 
he will bring ideas, maturity, breadth of 
experience—not just sketching ability. D Dailey 


Engineering studies show how balloon wheels, 
cleat tracks, screw threads and articulated legs 
can move vehicles over most soils. 





New Components 
Product Designs 
Reader Service Cards 





COMING 
NEXT 
ISSUE 


Wirewrapping Saves Time 


And has been proving its reliability 
for over 10 years: When and how to 
use this way to make solderless elec- 
trical joints. 


The Torque-motor Drive 


Running on rectified ac, a de shunt 
motor automatically and safely de- 
velops maximum torque when it’s 
slowed to stalling speed. 


Isotopes for Design Jobs 


Activated atoms from the nuclear 
field offer many assists—from pis- 
ton-ring studies to determination of 
optimum coating thickness. 


Coatings on Cast Iron 


It’s more than selecting appropriate 
resin properties. The casting must 
be so designed as to give no troubles 
when the coating is put on. 


Errors in Measurements 


They’re unavoidable, no matter how 
accurate your technique. But with 
these precautions, you can head off 
the troubles they cause. 








PRECISION-FORMED 
METAL 


COMPONENTS 








Hydroforming, Deep Drawing 
and Spinning 


You can depend on KAUPP for com- 
plete service from design to delivery 
on precision-made metal parts and 
sub-assemblies Ultra modern metal 
working facilities, plus wide experi- 
ence on military and commercial re- 
quirements are available to solve 
your problems. Send drawings for 


, Quotations or phone for new iliustra- 


ted bulletins! 








Closest tolerances adhered to in all 
metals, including MU METAL, BRASS, 
INCONEL, ALUMINUM, COPPER, 
CARBON STEEL, STAINLESS STEEL, 
NICKEL, MAGNESIUM, TITANIUM, 
SILVER, SPECIAL ALLOYS, HAYNES 
STELLITE. 





HORIZONS 


all 


Engineering English and You 

“Engineers can’t write.” “My kids can’t spell or punctuate, can’t put a 
500-word theme together.” “Where can I learn to write English?” 

These are three expressions of problems, or rather, of the same problem. 
And the problem is not only with the individual, but also with the schools. 
Among the other things in which we as a nation are short can be found the 
item: qualified teachers of English. The National Council of Teachers of 
English (65,000 members in schools and colleges) found recently that only 
half the people now teaching high-school English have completed majors in 
the subject. Of colleges preparing high-school English teachers, 59% 
require no courses in advanced composition, 61% none in grammar. 

Of elementary-school teachers, a fourth are not college graduates. (19 
states require no college course in English for elementary teachers.) Col- 
leges that train elementary-school teachers require that only 10% (aver- 
age) of the program beyond freshman English be spent on English or 
teaching of English. Yet it is in elementary schools that the fundamental 
skills in writing must be taught. 

To top it all off, teachers are overloaded. The student load is supposed 
to be 100, yet most teachers handle over 150. The experts add that the 
high-school student should write a 250-word paper every week. To 
grade these for English takes 8.6 min each, or 21.5 hr/week for 150 
students, on top of class hours, bringing total working time to more than 
60 hr. And this doesn’t include attending PTA meetings, training debat- 
ing teams, directing student plays or editing school newspapers—or in 
smaller schools also teaching gym or math. 

Dr Wm A Gorham supervised tests of 450,000 high-school students on 
100-word themes. 99 of each 100 made mistakes in English, bad enough 
that the good doctor called them “shocking.” Dr Robert Gorrell found 
that a summer class of high-school English teachers couldn’t write a para- 
graph—they hadn’t written themselves since freshman year in college. 

Teacher trouble only. Not entirely. There are other troubles too. Par- 
ents can’t write, and brag of it, even point out that they make more than 
teachers, so why bother to learn English? TV, radio, newspapers, comic 
books—all these feature poor English and dialect. 

So Johnny gets to college, convinced that English is a bore and a 
bother. And he falls flat on his face. Three of five colleges have no-credit 
courses in remedial English—an expensive waste of time. Most students 
who take remedial English never finish college anyhow, so colleges are 
beginning to drop such courses, leaving the 25 to 30% of students who took 
such courses to sink or swim on their own. 

Obviously, few college graduates need English more than the engineer, 
who will spend so much of his time communicating—instructions, ideas, 
plans. The engineer who can’t write hides behind jargon—special words 
or phrases of his field, Latinizations, long and pompous statements. And 
he wonders why nobody reads what he writes, or why some other engineer, 
often less competent technically, forges ahead. It’s simple: ideas must be 


c. B. KAUPP & SONS | communicated. 
Newark Woy, Maplewood, N. J.—POplar 1-4000 | Remember the old yarn about the plumber who wrote a government 
"pena aoa bureau about his idea of cleaning iron pipe with hydrochloric acid? The 
4 SINCE 1924 first reply was: “Be advised that hydrochloric acid is deleterious to the 
@ substance in question. Interaction between chemical elements will result.” 
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ARE YOU ACQUAINTED WITH THE NEWEST ADDITION TO 
UNION CARBIDE’S FAMILY OF PLASTICS 


BAKELITE 


POLYPROPYLENE 


High heat Investigate BAKELITE® Polypropylene 


— for MOLDING AND EXTRUSION 


No stress 
cracking 
° 
Lowest specific 


gravity GENERAL PU RPOSE: for molding and extrusion. 


aaa H | G H | M PACT: 3 to 5 times tougher than 


general-purpose materials. 
e 


Easy FOOD APPLICATIONS: Fpa-sanctionea 


processability 


e 
Good mechanical, HIG H FLOW: for deep-draw moldings 


electrical and 


chemical properties U-V STABILIZED: tor outdoor applications 


co 
— RB LOW M 0 LDI N G : short flow for parison stability 
Low MVT and low 


gas permeability TH ERMOFORMING: non-sagging 





(All formulations except food grades are heat stabilized 
for prolonged use at elevated temperatures) 


We would be glad to discuss polypropylene or any of our other plas- Union Carbide Plastics Company 


tics materials with you. These include high, medium, and low den- Division of Union Carbide Corporation 
sity polyethylene, polyethylene copolymers, phenolics, styrene, epoxy Dept. KQ-113J, 270 Park Avenue, New York 17, N.Y. 


and viny] resins and I am interested in the possibilities of using polypro- 
compounds. Simply fill 


‘lene for 
out the adjacent coupon. UNION PY —_———_— 
CARBIDE PLASTICS ROE cicntnciwes 


| ee 


BAKELITE and Union Cansipe are registered trade marks of Union Carbide Corporation. ADDRESS 


CITy ZONE . STATE —. 
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looking for better than 
jewelry quality 
in precious metal tubing? 


If you are a nuclear or electronics engi- 
neer looking for a supply of jewelry 
quality small tubing in silver, gold, 
palladium or their alloys, here’s good 
news! The quality tubing you seek is 
available from UNIFORM TUBES with 
O.D.'s from 0.005” to 34”. What's more, 
you can order this tubing precision 
drawn to any wall thickness from 0.035” 
down to 0.001” within tolerances of 
+0.0005” ... +0.00025” on the small- 
est sizes! 


UNIFORM cuts this tubing to specified 
lengths with ends square and free of 
burrs. UNIFORM's experience in working 
precious metals is also available for the 
fabrication of tubular parts. Flaring, 
coining, bending and other fabricating 
steps are completed with the same pre- 
cision and skill applied to drawing the 
precious metal tubing. 


Where the corrosion resistance or spe- 
cial properties of a precious metal are 
needed on either O.D. or I.D. only, 
UNIFORM supplies COMPOSITE TUB- 
ING with the precious metal drawn 
over a precision tube of a less expensive 
base metal or vice versa. 


Composite tubing meets the same close 
tolerances and quality standards 
UNIFORM sets for tubing of silver, gold, 
palladium or their alloys. 


Phone, wire or write today for details 
nnd a quotation. Delivery is normally 
ess than three weeks. 


UNIFORM TUBES, 


ING. COLLEGEVILLE 2. PA 


HUxiley 9 276 TWX 
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HORIZ ONS continued 





When the plumber wrote to thank the bureau for approval, he received a 
second letter: “The usage of hydrochloric acid is definitely contraindicated. 
Contamination may be removed, but negative effects may be expected.” 
The plumber sent a second note of thanks, pleased at all this attention and 
agreement. At that point, the bureau head took positive action; he wired: 
“Lay off the acid. It eats hell out of pipe.” 

There is no secret to good and clear writing; it is, as some wag has said. a 
matter of applying the seat of the pants to the seat of a chair. Most of us 
never develop skill at writing simply because we don’t write enough for 
critical examination. Actual close correction of our written work ends 
with the first year in college; even English courses after that level begin to 
be more concerned with content than with form. And in courses other 
than English grammar, the instructor doesn’t check the writing, if indeed 
his own knowledge of the subject is good enough for the task. 

Even given a good basis in writing, the engineer is likely to lose it because 
he doesn’t use it constantly and consciously. He writes, to be sure, but to 
a sterile form in most instances, with little attention to word selection or 
arrangement. Those of his associates who know good English will not 
comment except behind his back. 

How can this impasse be beaten? By a series of simple steps: 

1. Write continually, on any pretext and on any subject, with attention 
to form and composition as well as content. Letters, personal and business, 
offer a good opportunity for expression. 

2. Have a variety in subject matter as well as approach. Take a fling 
at narrative, as well as descriptive, writing; try written conversation, a story 
with a plot. You may surprise yourself. 

3. Have someone with a good grounding in English criticize your stuff 
on that basis alone. Do you know an English major, a local teacher who’s 
competent, a professor, a minister or feature writer on a newspaper? 

4. Try a piece on something that you’re doing and send it to a magazine. 
Product Engineering is a good one to try, because our editing goes beyond 
content into care in making the article or story readable. We—as do gen- 
eral magazines—have copy editors, specialists in writing, who at least 
make sure the major rules of grammar and punctuation are followed and 
at most do a complete rewrite for readability. If your article is accepted, 
you'll get a painstaking editing, and by comparing that with your original 
you can learn a great deal about the professional approach to clarity. 

5. Take courses in composition, short-story writing and the like. 
They'll require you to practice. The vital thing is practice, practice, prac- 
tice, with regular analysis and criticism by a competent person. 

6. Try to organize what you say as well as what you write. Make your 
oral reports—and even your casual conversation—models of proper English 
usage. Be certain of pronunciations and word meanings, and don’t “talk 
over your head.” 

7. Be conscious of style. Your writing should be distinctively yours, not 
a copy of Hemingway or Shakespeare. Use personal forms of expression, 
but don’t beat them to death. And trust your own choice of words; don’t 
seek to incorporate familiar phrases, however clever, that someone else has 
created, and are now probably clichés. 

8. Take every opportunity offered to read the writing of other people and 
to watch for good turns of phrase and proper punctuation, as well as for 
errors. One of the biggest favors you can do your own children is to act 
as critic of their written work. They may not appreciate it, but they'll 
learn from it. And when you try to criticize their work—and justify your 
comments—you may find it as educational as they do. 

9. Make regular use of good references to check yourself, a good diction- 
ary, an English lexicon, a modern text on science or engineering writing, 
a copy of our “Reading, Writing and Oral Reporting for Engineers” (avail- 
able from Reader Service for $1). Be conscious of the writing when you 
read good magazines and good books. 

10. Never overestimate your knowledge of the language. It isn’t 
enough just to tell your story; you must tell it interestingly. 
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NEW DEPARTURE PRODUCT INFORMATION 


BRITE-GARD 


A BRITE NEW IDEA BY NEW DEPARTURE 
BRITE-GARD SUPER FINISHING FOR SUPER PRECISION BALL BEARINGS 


There’s a big difference in New Departure Ball 
Bearings .. . a difference you can see at a glance. 
It's new super-polished Brite-Gard finish... available 
only from New Departure! 


Brite-Gard is another shining example of New Depar- 
ture’s policy of passing on to its customers significant 
bearing developments. Brite-Gard treated bearings... 
with smoother surfaces and corners...are less suscep- 
tible to the adherence of dirt. They are more resistant 
to corrosion from handling, too. Furthermore, 
Brite-Gard gives you bearings of optimum appearance. 


Brite-Gard is now available on all N/D super precision 
grade ball bearings—at no extra cost. 


Moreover, New Departure offers other customer 
services. Why not invite the local New Departure 
Sales Engineer to participate in your next early design 
discussion? He is a fully qualified graduate engineer, 
backed by more than 50 years of ball bearing engi- 
neering and manufacturing experience. His design 
recommendations may save you time and money. 
Or write New Departure, Div. of General rd 
Motors Corporation, Bristol, Connecticut. 


NE VW DOE PAR TURE 


BALL BEARINGS - PROVED RELIABILITY YOU CAN BUILD AROUND 
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Standard Forge & Axle Co. forges 5-inch by 
\%-inch Pittsburgh Seamless Mechanical Tube 
ends down to 25%” solid steel wheel spindle ends 
(cross section above). The Montgomery, Ala., 


plant then machines and grinds bearing surfaces 
to .0005-inch tolerance to produce single -piece, 
20,000 pound capacity trailer axles. Trailer opera- 
tors benefit from higher payloads because... 


They Throw Away The Holes—And Save Weight 


The trick in making a seamless 
steel tube is piercing a hole in a round 
of solid steel. 

But Pittsburgh Steel Company’s 
Seamless Steel Mechanical Tubing 
makes the full circle in production 
of trailer axles at Standard Forge & 
Axle Co., Montgomery, Ala. 

Standard, in effect, throws away 
the holes by forging the tube ends 
down to solid steel again, leaving 
only a hollow steel center and 
spindle section. 

The result: a lightweight, one-piece 
trailer axle made entirely from a 
single length of seamless tube—in- 


cluding load bearing wheel spindles, 
precision ground for bearing and 
seal seats. 

The advantage: assured 
strength and safety of seamless 
steel, plus, for example, reduced 
axle weight for trailer operators 
in a 20,000 pound capacity axle. 

Starting with a seamless steel tube 
5” x 4” x 87%" for this particular 
axle, Standard upsets both ends, then 
swages them down to the shape of 
a spindle with a 2%” solid end. 

That’s deformation of the rough- 
est kind. 

But Pittsburgh Seamless Mechan- 


ical Tubing takes it in stride, then 
bounces back under heat treatment 
with the physical properties required 
for precision finishing of the critical 
spindle surfaces, and the toughness 
necessary for a long life in hard 
service. 

And that kind of performance 
takes seamless steel tubes with 
exceptional internal soundness, 
consistent grain structure, and 
chemical and dimensional 
uniformity. 

Pittsburgh C-1040 grade Seamless 
Mechanical Tubing supplies these 
properties consistently —for this type 








After upset, Pittsburgh Seamless Me- 
chanical Tubes, with 5-inch OD and 
¥4-inch wall, are swaged to solid steel 
spindle shape on drop forge, at right. 
Standard’s heat treating process re- 
fines grain, restores toughness of steel. 


+ ‘ c = 


4 weet 4, oe 
\f one : "7 2 


Standard Forge & Axle Sales Manager James A. 
Standard also produces high-strength inserted spindle trailer Rumbley says Pittsburgh Steel Company, as 
axle by inserting forged alloy steel spindle with 4.065-inch OD longtime major supplier of seamless mechanical 
into 4.040-inch burnished ID of 5-inch seamless steel tube under tubes, “‘leaves nothing to be desired in product 
50,000-pounds pressure. 


or service.”’ 


axle and for Standard’s high-strength 
inserted spindle type. 

James A. Rumbley, Standard’s 
sales manager, says: 

“‘Trailer axles are high-weight 
carrying members subject to tre- 
mendous load shocks. So we use the 
finest materials available to assure 


either in product or service.’’ 
That’s standard practice with 

Pittsburgh Steel—whether supply- 

ing seamless mechanical tubing to 


Standard’s specific requirements, or 
to yours. Be certain with Pittsburgh 
Seamless. Contact one of the district 
offices listed below. 


Pittsburgh Steel Company 


our customers trouble-free service. 
Seamless steel mechanical tubes help 
us to do that, with complete safety 
and at less weight. 

“For many years, Pittsburgh 
Steel Company has been one of 
our major tubing suppliers. It 
has left nothing to be desired 


Grant Building . 


DISTRICT SALES OFFICES Dayton 
Atlanta Cleveland Detroit 
Chicago Dallas 


Pittsburgh 30, Pa. 


Los Angeles Pittsburgh 
New York Tulsa 


Houston Philadelphia Warren, Ohio 
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SILICONE NEWS trom Dow Corning 


Prototypes unlimited 


Pour yourself a Silastic RTV 
mold and...start casting! 


By using the “original” for a model, you can quickly pour simple cavity 
or split molds and in a few hours be casting exact duplicates! It’s that 
easy when the mold-making material is Silastic® RTV. 


This fluid silicone rubber sets-up at room temperature in minutes or hours 
depending onrthe RFV,system you select. It cures without heat to a firm, 
flexible silicone rubber capable of tolerating casting temperatures of many 
plastics and molten alloys . . . up to 500 F. 

Mold making with Silastic RTV is quick, inexpensive and practical — 
whether you want one duplicate or dozens. What’s more, RTV molds 
produce dimensionally accurate parts having finest hairline detail. 


Here are the simple steps followed in producing this taillight lens — 


(1) After mixing with catalyst, Silastic RTV is poured into the form, 

over the original pattern to produce one half of the mold. Because 
Silastic RTV releases readily from most materials, no parting 
agent is necessary. 
After the RTV cures, the “half-mold” is turned over and alignment 
notches cut. The RTV surface is coated with release agent and 
more Silastic RTV poured to form a mating second half of the mold. 
After removing the original pattern, clamp the two RTV molds 
together, drill sprue holes and air vent — and you are ready to 
cast prototypes that are exact replicas of the original. The photo 
shows prototype being taken from the mold. 


For detailed information on Silastic RTV, 
write Dept. 5222a, Dow Corning Corporation, 
Midland, Michigan. > CS n 
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INTERESTING TO NOTE 








HE PRINCIPAL TOOL of the 

editor’s trade is his pencil—tradi- 
tionally a blue one. So when an editor 
turns to a machine tool to prepare an 
article for publication, there’s need for 
some explanation. Here’s the way it 
happened. 

When Robert Carson, our senior 
editor, began to think about illustra- 
tions for the article on instrument 
drives, the logical choice was a picture 
of each type, reproduced as close to 
full size as possible. This way, he 
reasoned, the reader could compare 
the compactness of each type for him- 
self. But each is made by a different 
manufacturer, and this would require 
that PropucT ENGINEERING take the 
photos. That’s when he started his col- 
lection of miniature drive specimens. 

He wrote each manufacturer, ask- 
ing for a drive pair composed of the 
smallest available pinion coupled to a 
larger wheel with about a 2'%:1 ratio. 
He specified that the belt or chain 
should couple the two to give ap- 
proximately 2’ in. center to center. 
Most of the manufacturers cooperated 
willingly (some even sent a variety of 
sizes) and Carson soon had a desk 
drawer full of sprockets, wheels, 
sheaves, chains and belts. 

Now there was a problem of how 
to display them for the photographer. 
Simply laying them out on a flat 
board wouldn't do—the photo would 
look too flat, and the parts wouldn’t 
stay put. To achieve depth and an il- 
lusion of realism, Art Director Rich- 
ard Rooman suggested that they be 
stood off from the board about % in. 
and lighted from the side to cast a 
strong shadow. That’s when Carson 
oiled up the old South Bend work- 
shop lathe he keeps in his basement, 
and put himself briefly into the brass- 
arbor manufacturing business. 

He turned each arbor individually 
because he wanted the %-in. standoff 
and the arbor as one piece of brass. 
And as it developed, each set of 
wheels had a different bore and 
length, so each set needed a different 
arbor. He started with a 2-ft length 
of ¥2-in. round brass stock and some 
three hours later had himself 18 brass 
arbors, drilled and tapped on the back 
side for an 8-32 mounting screw. 

The assembly job was more difficult 
than he anticipated. Some of the 
chains were too long and had to be 
reassembled to the right length. For 
the timing-belt drive, Carson used 
parts from the motor-driven electronic 
micrometers he designs as a hobby. 
When the V-belt and round belt 
threatened to take too much space, he 


cheated by snipping out the excess 
belting and gluing the loose ends to 
the larger wheel. Despite this, we feel 
the resulting photo gives the realistic 
effect he was looking for. Judge for 
yourself; the results of Carson's 
scrimshaw are on p 50. 


Front-drive’s pacesetter 


In Europe, front-wheel-drive auto- 
mobiles are common and cheap; the 
French Citroen, the English Austin 
850, the Swedish Saab, the German 
DKW, and now the Renault 4L (for 
technical details, see p 72 are all 
pulled along by their front wheels. 
But in this country we have always 
considered front drive something of 
an expensive novelty. Curious, then, 
that one of the most spectacularly suc- 
cessful front-drive racing machines 
was designed in this country. It was 
the legendary Miller 91 built by the 
gifted Californian, Harry A. Miller. 

To his contemporaries, Miller acted 
more like an artist than an engineer. 
He cared more for pleasing forms and 
delicately fashioned shapes than he 


(Courtesy, Car and Driver Magazine) 


Front-drive Miller 91. Notice inboard 
front brakes and intercooler on side of 
hood situated between supercharger and 
engine intake. 


did for mechanical sophistication. But 
for all that, his cars were as tech- 
nically advanced as any of the time. 

In his shops, he demanded the high- 
est quality craftsmanship and, with 
shop foreman Fred “Coldroll” Offen- 
hauser directing activities, usually got 
it. Every piece was meticulously 
machined, then scraped and polished 
till it gleamed. Frame rails made of 
¥s-in. sheet steel were hand-shaped 
into channel sections by hammering 
them over cast-iron forms. Miller 
would not tolerate a file mark in a 
machined part or a slight ripple in a 
piece of sheetmetal. Among his em- 
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ployes, he expounded his philosophy 
of “lowest possible weight” in equal 
measure. Many machinists were fired 
for making parts too heavy, but never 
for making them too light. 

The ultimate refinement of Miller's 
craftsmanship was the Miller 91, first 
built in 1925 for the 1926 racing sea- 
son. The 91 came in both front-drive 
and rear-drive form, but the front 
drives were the more successful. They 
set records at nearly every major 
track and won almost every race they 
entered. One of the track records 
stood for 26 years. 

Though the Miller engine was 
small, (with 91 cu in., only about 
half the displacement of today’s smal- 
lest compact) it turned out a lusty 230 
hp. and outputs as high as 280 were 
often claimed. Its eight cylinders were 
fed by a Miller-designed carburetor 
working through a huge centrifugal 
supercharger churning at nearly 40,- 
000 rpm. Inclined valves in hemis- 
pherical combustion chambers got a 
direct kick from a pair of gear-driven 
overhead camshafts. The engine had 
no cylinder heads and no separate 
crankcase. All this made it a difficult 
engine to service, but fortunately, this 
was seldom necessary; the 91 was 
one of the most reliable racing engines 
ever designed. 

Of the dozen or so front-drive 91s 
built, only two are known to exist to- 
day. Both were recently brought to 
this country from the Bugatti works 
in France where they had been sitting 
in cosmoline and protective grease for 
nearly a quarter century. (Bugatti ap- 
parently bought them in 1928 to stud) 
their design and, indeed, many Miller- 
inspired features appeared in sub- 
sequent Bugattis.) On arrival, both 
were found to be in remarkably good 
condition, with few parts missing. The 
present owner, a devoted Miller en- 
thusiast, has plans to restore them to 
their original condition. 

But even without these two mu- 
seum pieces, the Miller tradition is 
kept alive in today’s racing engines. 
The 4-cyl Meyer-Drake engine that 
has dominated American track racing 
for the last 20 years is a direct de- 
scendent of the 91. In many basic de- 
sign features, the two engines are so 
similar that there is little to tell them 
apart. The similarity is more than 
coincidence: The man responsible for 
their development and the name still 
used to refer to them is that of Harry 
Miller’s shop foreman, Fred Offen- 
hauser. Since 1940, the Miller-derived 
Offenhauser has won every Indian- 
apolis 500 race except one. 
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with teeth CAIN Mm pP 2. V. 


Positive, Infinitely 
Variable accuracy with 
industry’s only chain- 
driven speed changer 


Variable from maximum to minimum 
speeds—with no steps or stops in between 
—Link-Belt P.1.V. is the answer to speed- 
changing applications that won't tolerate 
slippage. 

Unusual speed control accuracy results 
from P.I.V.’s unique design featuring 
wheels and chain with teeth. The two 
pairs of conical wheels act as gears... 
mesh with self-tooth-forming chain to as- 
sure positive contact under all speed and 
load conditions. 

A turn of the control screw changes the 
speed. The control screw simultaneously 
varies the effective diameters of the coni- 
cally shaped wheels—closing one pair, 
spreading the other. This automatically, 
instantly adjusts the chain to provide a 
different output speed. 

Contact your nearest Link-Belt office 
for more information about P.I.V. drives, 
2 to 25 hp. Send for catalog. 


LINKi@} BELT 


VARIABLE-SPEED DRIVES 


LINK-BELT COMPANY: Executive Offices, Prudential 
Plaza, Chicago 1. To Serve Industry There Are Link- 
Bele Plants, Warehouses, District Sales Offices and 
Stock Carrying Distributors in All Principal Cities. 
Export Office, New York 7; Australia arrickville 
(Sydney); Brazil, Sao Paulo; Canada, Scarboro (To- 
ronto 13); South Africa, Springs; Switzerland, Geneva. 

Representatives Throughout the World. 15,660 


12 CIRCLE 12 ON READER SERVICE CARD PRODUCT ENGINEERING - OCTOBER 30, 1961 





high frequency 


. Generators, Converters 


easily removed 
helt qguard 





rectifier unit 


for field 
excitation . *weatherized’’ R&eM motor 


drive motor starter 


* 





2 


4 » 


, 
fo 
ee 
| % 
4 
ae 
“ea BRM OLE ne 


we 








high-frequency heavy welded sliding base 
alternator steel base for easy belt 


adjustment 


360 to 3300 cycles 


R&M package high cycle generators : 
provide dependable current beyond — frequency 
the practical range of frequency con- converters 
verters. Rugged revolving field con- 120 to 420 
struction is used in ratings of 1500 cycles and lower. 
Ratings above 1500 cycles are brushless inductor design. cycles 
Excitation of DC alternator field is provided by simple P 
silicon rectifiers, protected against short circuits by time- 
delay fuses. For changing output frequency, R&M can 
furnish variable pitch pulleys or variable speed drives. 
R&M’s low-cost frequency converters make 220 volt-3 
phase-120 through 420 cycle power available from 60 
cycle supply . . . rated 2/2 KW (horizontal construction ) 
5, 7% and 10KW (vertical). 


Write today for bulletin 5;5A-PRE! 


ROBBINS & MYERS, INC., Springfield, Ohio 


Fractional and Integral HP Electric Motors * Electric Hoists and Overhead Traveling Cranes * Moyno, Industrial Pumps 
Propellair, Industrial Fans * R&M-Hunter Fans and Electric Heat * Trade-Wind Range Hoods and Ventilators 
Subsidiary componies ot: Memphis, Tenn., Pico Rivera, Calif., Brantford, Ontario. 
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READER 
TO EDITOR 





For doing it yourself 


To the Editor: 

Your editorial of October 2 “in- 
vaded my sentimentalities.” 

I remarked the other day to our 
purchasing agent that it is a rare oc- 
casion that we receive anything that 
is made exactly as called for on the 
drawing. But now and then I see 
some real craftsmanship where the 
parts maker goes so far as to rectify 

+ <a an engineering omission or mistake. 
SAE STRAIGHT THREAD Regarding your discussion of “time 

“©” RING FITTINGS cost,” etc, here’s a theory I’ve ex- 
pounded and practiced most of my 
life (of necessity, of course). Ask a 
person to divide his annual savings 
into his annual income. Then see 
how many hours he has to work to 
save one dollar. Then see how many 
dollars he has spent in one month on 
jobs he had to call in people to do 
for him. Then multiply by the num- 
ber of hours he has to work to save 
a dollar. This is the number of hours 
he won't have to work in the future 
to pay for what he had done for him. 
The result is inspiring—you usually 
find that 4 to 5 hours work for your- 
self means that you don’t have to do 
60 to 80 hours on the job. 

Of necessity, of course, I used this 
as moral support, up to the point 
where I built the power saw and other 
tools to build by own home—no mort- 
gage (some businessman figures you 
save 30 to 40% by paying instead 
of borrowing for a home). Home 
auto maintenance is a good place for 
personal craftsmanship — for $2.50 
you can get a step-by-step service 
manual on most American Cars. 

—A J TRICON 
Houston, Texas 











A concept of safety 


To the Editor: 

Thank you for “Horizons” and‘con- 
gratulations on achieving recognition 
for their excellence. 

Thank you also for the recent ar- 
ticle on Automotive Safety and con- 
gratulations to your Messrs Kelleher 
and Leerburger for a good job. Men 
= of conscience must accept responsi- 

Andy Anchor says: bility for the “mark of Cain” and work 

" For complete specifications on these precision-made, space positively for all alleviation possible. 
) saving, trouble saving, hydraulic fittings, write today for My interest in Automotive Safety and 
Anchor’s New Catalog No. 207 especially Accident Prevention, is ex- 

; plained in the enclosed, briefed re- 

















=> =, Sd) 

om LP To iF : , ports, “The Safety Taillight Signal— 
2 . ; , . Part I, II and III.” 

1 LN iealel Seelti Jil, (cheeomil, len Dr. Alexander V Monto, chief, 
ae, Traffic Safety Branch, Div of Accident 
366 North Fourth St., Libertyville, Mlinois Prevention, US Dept of Health, Edu- 

Bronch Plants: Dallas, Texas, Plymouth, Mich. cation & Welfare has accepted this 


—e 
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concept for presentation to the Joint 
Committee on Vehicular Signal Sys- 
tems. It is also in the hands of the 
National Safety Council. I believe 
this concept to be the next most im- 
portant development in highway 
safety. —MICHAEL STADNYK 

Willoughby, Ohio 


e Mr. Stadnyk has suggested positive- 
indication tail-lights showing green 
when the car is moving forward; am- 
ber as a pre-alert, flashing for turns; 
red for stops (as now), flashing for 
high deceleration rates. This last 
change would cause initial confusion 
perhaps, because one flashing red light 
has been a direction signal, but cer- 
tainly is logical because it gains max- 
imum attention. —Ed 


p=ZFf 


To the Editor. 

Unsnarl the snarled example in 
“Tape measure for pulley belts,” (PE 
—Aug 14 ’61, p 51). “Diameter” 
should read “radius.” 

—NICHOLAS KONDUR 

Burroughs Corp 

e He’s right. In stating the example, 
the pulleys were said to be “8 in. and 
4 in. in diameter” (line 2). The final 
word should be “radius.” —Ed 


COMING EVENTS 





NOVEMBER 


1-3... . Society for Experimental 
Stress Analysis, First International 
Congress on Experimental Mechanics, 
Hotel New Yorker, New York City 


2-3 . . . . Louisiana Polytechnic In- 
stitute, 10th Annual Instrumentation 
Conference, School of Engineering 
Campus, Ruston, La 


7-10 .... Packaging Machinery Man- 
ufacturers Institute, 1961 Show, Cobo 
Hall, Detroit 


13-16 . . . . Institute of Radio Engi- 
neers, Conference on Magnetism and 
Magnetic Materials, Hotel Westward 
Ho, Phoenix 


26-Dec 1 . . . . American Society of 
Mechanical Engineers, Winter Annual 
Meeting, Statler Hilton, New York 
City 


DECEMBER 


12-14 .... Institute of Radio Engi- 
neers, AIEE, ACM, Eastern Joint 
Computer Conference, Sheraton Park 
Hotel, Washington 
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know 
ant 10 PY 
what do YoU We asalines 


raa . 
ghoul traps ee a service 


. steam, \ 
alt “<P This new 
Nicholson Catalog 


We has the answer! 
‘ 


Send for 
YOUR copy 


Ri. intermittent-action mechanical traps . . . how 
they function . . . where they’re used . . . what they’re made 
of . . . why their exclusive Nicholson features mean longer 
service life, more efficient, economical trapping. Catalog 500 
gives you that information . . . in factual, easy to read style 

. with sectional illustrations .. . dimensional diagrams .. . 
capacity tables . .. plus, a section showing how to determine 
the right trap size for your needs. It describes: 

WEIGHT OPERATED TRAPS for gas, gasoline, air or steam 


service, pressures from atmospheric to 1500 pounds. 


PISTON OPERATED TRAPS for steam applications where 
tremendous trap capacity is required. 


INTERFACE TRAPS for applications where a liquid of heavy 
specific gravity must be separated from a lighter liquid. 


Send coupon for your copy. 


W. H. Nicholson and Co., 12 Oregon St., Wilkes-Barre, Pa. 
Please send Catalog 500 “Mechanical Traps for Steam, Air, Gas.” 


Name 


Title__ 








Company 


Street 








Zone 





W.H. NICHOLSON and COMPANY 
12 Oregon Street « Wilkes-Barre, Pa. 
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No Matter Where You Install Them— 


7 ee 

















Bulletin 705 Reversing Starters 
are available in seven sizes. Maxitmum ratings 
100 hp, 220 v; 200 hp, 449-550 v 


————_ 


| ——— —s—C ( 


The New Allen-Bradley Reversing Starters 
are Ideal” for the Application 


ALLEN - BRADLEY / 
/ 
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Whether you’re using the “open type’’ Bulle- 
tin 705 reversing starters in special panel 
mounting or as an enclosed device for mount- 
ing on a machine, the space you can save will 
surprise you —especially in the higher ratings! 
For instance, the open type construction is 
appreciably narrower than the older design. 
In the enclosed design — because the overload 
relays (either 2 or 3) are mounted as a “‘block”’ 
below the reversing switch, the cabinet is 
much narrower. 

There is no denying that the new A-B Bul- 
letin 705 reversing starter is the best ‘‘buy”’ on 
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the market today. Rating for rating, the old 
reliable Bulletin 705 reversing switches can no 
longer be compared with their successors. 
While the simple one-moving-part solenoid 
principle of operation has been retained, the 
detail design and construction has been greatly 
improved. The result is extra life that assures 
almost unbelievable reliability. 

The new, attractive enclosures add extra 
“eye appeal’’ to any installation. For full de- 
tails, please write today for Publication 6100: 
Allen-Bradley Co., 1329 South First Street, 
Milwaukee 4, Wisconsin. 


QUALITY 
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MOTOR CONTROL 
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dave chapman: 
the consumer comes first 





chapman talks design 


, Dave Chapman has been a successful industrial designer for over 25 years because he has succeeded in designing 

products for people. Not every manufacturer does. Says Chapman, ““Too much of marketing has been a kind of 
seduction. We have to deal in real values. We have to make things so they’ll be rewarding to people. In our 
basic approach to any design problem, the consumer is always our primary point of reference.”’ 

Chapman has maintained this outlook about people since his first venture into design in 1933. He was one 
year out of Armour Institute and working in Montgomery Ward’s architectural department designing branch 
stores when Sewell Avery, one of the Depression years’ most creative merchants, asked him to build a newly 
formed product design department. Under his direction 18 designers, in one of America’s first product design 
organizations, applied the famous concept “‘Form follows function” to retail marketing. Says Chapman of 
Avery, “His was a clear voice out of the confusion of visual and economic chaos, insisting that goods well- 
manufactured and well-designed, from good materials, would sell.” 

And sell they did. Dave Chapman left Montgomery Ward in 1936 with new horizons in view. But unlike 
other early practitioners of change, who gravitated to New York, Chapman opened up shop in Chicago. It was 
the heart of industrial America. And Chapman today can look back on an unbroken string of design successes, 
awards and honors including a stint in 1950 as the youngest man ever to hold the presidency of the American 
Society of Industrial Designers. 

What has been the biggest change in industrial design since those early years? The selling process. The sale 
used to be made by the retailer in his shop. “‘Now the sale is designed at the conference table of the manufac- 
turer. The sale is made in a designer’s office, on television, or in the pages of a mass magazine. The designer, 
therefore, has changed from a stylist to a liaison between engineering and the consumer.” Therein lies the 
designer’s severest problem. Assuming he starts with satisfying people in product design, his job isn’t done until 
he can convince a manufacturer to think of design and markets in long-range terms. ‘“Too many manufacturers 





look at design merely as a crash-rush-got-to-have-it-ready-for-the-June-market problem. First, they should 
make design a major marketing force in their future planning; second, once they have a good design they should 
refrain from seeking out all the reasons why it can’t be produced.” 

Here is the Chapman formula: “The surest route to increased sales: working closely with our clients for 
design solutions that meet consumer demands for improved function, reduction in cost to the consumer, and /or 
more pleasing or gratifying appearance. When you achieve these, the consumer will have a real reason to buy, a 
salesman will have a product of real value to sell, the manufacturer a product of real integrity to produce.”’ 

Also in the formula: picking the right material for the job. Chapman decries the lack of research that is being 
done in industrial design. He wants to know more about what can and cannot be done with materials, so that 
when he or one of his 35 designers sits down to design an item, their considerations of the mechanical possi- 
bilities and limitations are unlimited. 

Considering his preference for known possibilities, it is hardly surprising that so many Chapman design 
projects use one of the most versatile of all design materials: steel. A few examples are shown above. Cold-rolled 
steel gives durability and handsome form to the “hatbox’”’ vacuum cleaner. The one-piece stamped steel 
faceplate on the home intercommunication system is treated with three different finishes (vinyl-clad steel is 
used on a more deluxe office unit). Stamped steel is used throughout the oil furnace burner for durability, and 
welded steel tube does double duty in the fuel nozzle where it must withstand both heat and pressure. For a 
hard, smooth, wearable surface, chrome plated steel is used on all the major work surfaces of automatic mail 
openers and addressing machines. Both formed steel and steel weldments are used to give durability and pleasing 
appearance to the combine harvester-thresher. The supermarket refrigeration case depends entirely on steel 
to stand up under rugged, daily wear, and to give it consumer-attracting style. The moral: no other material 
can match steel’s ability to offer the designer the freedom of designing both functionally and aesthetically. 


United States Stee! 





a) This mark tolls you a product is made of modern, dependable Steel. 


Four problems solved by (is8) Design Steels 


There are over 10,000 grades of steel in existence today. Good designers know that they can 
get a steel meeting practically any set of requirements and get maximum use of the inherent 
characteristics of the steel used. Here are four examples of special steels solving difficult prob- 
lems. Each solution resulted in savings of weight, cost, and fabrication or erection time. 


Bar becomes a ring in 
easy steps, 5 of which 
are shown here... 

(1) circling the piece, 
(2) form for welding, 
(3) flash butt welded, 
(4) roiled to shape, 

(5) sized. 


(s8) Special Sections strengthen earthmover wheel rims 


The wheel rim of this giant earthmover is made 
from four special steel sections supplied by United 
States Steel. The rings are formed from special 
bar shapes rolled to an approximate cross section. 
This process eliminates many machining opera- 
tions, saves steel, prevents large scrap losses and 
means fast production of a superior product. 
Special Sections are used because they result in 
straighter pieces and eliminate lateral camber. 
They give more uniform contact between the 
gutter section and the locking ring (another USS 


Special Section). Hot rolled USS Special Sections 
have great strength and excellent surface, so in 
most cases the only secondary steps needed are 
drilling, plating, and tapping before the part is 
finished. There is a wide range of USS Special 
Sections available in carbon, stainless, high- 
strength low-alloy, and heat-treated construc- 
tional alloy and armor steels, and custom-designed 
special sections can be made available. Write for 
our booklets, ““USS Special Sections’”’ and “‘USS 
Quenched and Tempered Structural Shapes.” 


From Co Ferreite tin-coated steel, 40% more cans 


USS FERROLITE tin plate was introduced by U. 


S. Steel in 1960. It is a 


new, thinner, yet strong, tin plate that Pea 1400 six-ounce citrus 
juice cans compared with just over 1,000 cans formerly made from the 


same weight of conventional tin plate. 


(Incidentally, USS researchers 


haven’t stopped there. Can designs have already been developed that 
use considerably less steel than is needed in conventional cans.) USS 
researchers are constantly adding new steels to the family of over 10,000 
steels. FERROLITE tin plate is one of them. 
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COMPARATIVE CORROSION OF STEELS 


New transmission tower fabricated completely from bare 
(s8) Cor-Ten High-Strength Low-Alloy Steel 


Near Pittsfield, Massachusetts, a prototype power 
system has been set up to study problems in 
extra-high-voltage transmission. This new out- 
door laboratory, called Project EHV, is being 
used to study EHV problems at 360 kv to 750 kv. 
Eventually, the 4.3-mile system will become a 
power carrying segment of a New England elec- 
tric utility system. Eighteen transmission towers 
are in the line. In most of them, conventional 
design is used. They are built of USS MAN-TEN 
high strength steel in combination with A7 carbon 
steel. But one tower is different. It is completely 
fabricated from uncoated USS Cor-TEn High- 


Strength Low-Alloy Steel, and is the first of its 
kind to be installed in a transmission line. USS 
Cor-TEN Steel is 50% stronger than structural 
carbon steel and is also four to six times more 
resistant to atmospheric corrosion. The tower will 
never be painted, because USS Cor-TEN Steel 
develops a hard, tight-adhering oxide coating that 
forms an extremely tight seal against further cor- 
rosion, thus making possible a significant mainte- 
nance advantage. It’s a design idea that can save 
any utility thousands of maintenance dollars in 
the future. 


(is8)"T-1” Steel cuts pressure vessel weight 50% 


These two pressure vessels have a capacity of 8,750 
barrels of anhydrous ammonia. They are 45.5 feet 
in diameter and each shell weighs about 311,350 
lbs. They were designed with USS “‘T-1” Con- 
structional Alloy Steel, to an allowable working 
stress of 32,400 psi, so plate thicknesses were 
reduced to 1.109 and 1.075 inches. This is about 
50% less than if A212-Grade B fire box quality 
steel had been used. Result: only 363 tons of USS 
“*T.1” Steel were needed for both tanks, and thus 
freight, handling, welding and erection costs were 
less. Plates of USS ‘““T-1”’ Steel, 78 and 115 inches 
wide and up to 19 ft. 2% inches long, were shaped 
cold and field stress-relieved. Some shell plates 
and column plates were stress-relieved in the 
shop. Field welding electrodes were low hydrogen 
type of the E-110 strength level and all field welds 
were 100% radiographed. 

USS “‘T-1” Steel has a minimum yield strength 
of 100,000 psi. It is tough, easily welded, and has 
excellent impact abrasion resistance. Use it to 
save money and time, to improve products. 


For further information on any of these prod- 
ucts, write United States Steel, 525 William Penn 


Place, Pittsburgh 30, Pennsylvania. 
USS, “T-1", FERROLITE, MAN-TEN and COR-TEN are registered 
trademarks of United States Steel. 


United States Steel 





GAS 


25,000,000 cubic feet of oxygen stored as a pressurized gas (6 atmos- 
pheres) requires a vessel 200 feet in diameter that weighs 2,000 tons. 


ooh 


LIQUID 


The same 25,000,000 cubic feet of 
oxygen stored as a liquid (at 
atmospheric pressure) requires a 
vessel only 47 feet in diameter 
that weighs only 145 tons. 
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A new way to store gases economically 


PV = P’V’ (temperature constant ) 
expresses the law defining the action 
of compression. Stored as a gas, 
25,000,000 cubic feet of oxygen 
under 6 atmospheres pressure 
(above left), has tremendous energy 
of compression. 


However, if the temperature of a gas 
is lowered to a specific point, the gas 
changes phase and becomes a liquid. 
As a liquid, the energy of compres- 
sion is eliminated, and liquid gases 
can be stored in much smaller ves- 
sels ... safely. 


Instead of tying up over a million 
dollars in storage costs, 25,000,000 
cubic feet of oxygen stored as a liquid 
(above right), now requires a vessel 
costing only $100,000. 


But, many conventional metals — if 


22 


subjected to cryogenic temperatures 
—embrittle and even shatter. Disas- 
trous failures of engineering struc- 
tures have been attributed to this 
cause. 


But now alloys are available that 
stand up to very low temperatures. 
These alloys have helped bring 
about fuel tanks for missiles that can 
be airlifted all over the world...the 
use of one ship instead of forty to 
ship natural gas...the storage of an 
entire hospital’s oxygen supply in a 
six-foot tank. 


Nickel-steels are found to be so 
practical for cryogenic service. Steels 


alloyed with Nickel have the prop- 
erties to withstand the embrittling 
effects of super cold and, at the same 
time, represent the most economical 
choice. 


If your operations involve tempera- 
tures from —20° to —454°F., why 
not write to Inco to find out which 
Nickel Alloy can best meet your 
needs economically and safely. All 
your requirements for cryogenic ap- 
plications can be fulfilled from the 
family of nickel-containing alloys. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street iNCO New York 5, N. Y. 


INCO NICKEL 


MAKES STEELS PERFORM BETTER LONGER 
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AMP-LOK" AMPEEZ’ 


self-locking friction contacts 7, 14 and 20 circuit 

create positive wiping action insertion/extraction force of 

low millivolt drop 2-5 Ibs. per contact 

3, 4, 6, 9 and 12 circuits “Tab-Gap Lok” prevents 

wire ranges #22-#18, #20-#15 contact spread 

and #18-#16 AWG e fits wire size range #18-#14 AWG 
e@ nylon housing has “‘snap-in’’ wings e amperage rating 20-25 

for through panel use e nylon housing polarized 

keying plug prevents mismatching for perfect mating 

caps in side-by-side mounting e mounts flush—only .125” projects 

from panel front 


“easy maintenance” WITH ALL3 


FASTIN-FASTON 


e 1, 2, 6 and 8 circuits 
e contacts are self-locking in housing 
e fully tested for millivolt drop 


e@ nylon or cycolac housings polarized 
to prevent circuit errors 


@ Wire insulation support for vibration 
resistance 


@ full wire size #18-#14 AWG 


* Trademark 


This line of AMPin-cert Connectors gives you minimum insertion and withdrawal forces, maximum amperage 


ratings, resistance to vibration, corrosion and environmental factors . 


. . everything to assure lower assembly 


costs, rugged performance and simplified maintenance. Check these features and see how they fit your design 
plans. Any additional information you may need will be sent on request. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia « Canada « England « France Holland « Italy * Japan « Mexico « West Germany 
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with outer space... 


pacemaker cylinder line is not drive applications. The Spacemaker is avail- 


lg has been, a probe into outer a -¢omplete range of bore sizes and 
s ) Gir or hydraulic, i 


s., Jackson, Mich. for 
#1 55-4 oad for full particulars, today. 


‘“TOMKINS-JOHNSON 


J 
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You get more 
accurate readings... 


faster with this 


NEW 
BRUNING 
_ Equipoise DRAFTER 








The finest is further refined! Long a favorite as a single 

instrument that does the work, through an arc of 360°, of five 

basic tools (T-square, straight edge, triangles, scale, and protractor) .. 
Bruning’s new Equipoise drafter now brings even greater 

benefits to draftsmen. 2 


CLEARLY, YOUR CHOICE IS (BRUNING) 








. New Magnifier Lens on the now /ofally enclosed, fully protected * CHARLES BRUNING COMPANY. INC 
: , ’ : e 4 «ten i ‘ 3 ‘ om , i ° 
protractor assures faster, more precise, double vernier sear. 1800 West Central Road, Mt. Prospect? Ill. 
. New Elbow Adjuster assures smooth, non-slip drafter operation In Canada: 103 Church St., Toronto 1 
on intermediate board angles inclined as high as 25°. ” © Please send information on the New Equipoise 


- New Leveling Screws permit easy and accurate mounting of the ©) Have representative call me 
machine on boards of moderate warpage or surface irregularity. 


- New Baseline Lock brings speed and ease to baseline setting; 
makes it easy to adjust drafter to drawing. 


For further information, clip and mail the coupon. 
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ROD GLAND—Easily re- 
moved. No need to loosen tie 
rods. Cuts maintenance time 
in half. Phenolic bearing insert 
will not score rod. Cuts re- 
placement cost to a minimum. 


Do the cylinders you buy 
include these 
quality features? 


ROD PACKING-—Interlock- 
ing multiple lip seals require 
no adjustments; remain flexi- 
ble under fluid pressure. Wear 
compensating function elimi- 
nates frequent replacement. 


PISTON—Phenolic piston 
will not score tube. Packing 
cups used for proven long 
life and seal. Cups are easily 
replaced. Piston positively 
locked to rod. 


CUSHION—Minimum clear- 
ance between piston and 
Meehanite Bushing combined 
with micrometer metering 
givestop cushioning efficiency 
and a wide adjusting range. 


This high-pressure 
hydraulic cylinder is representative 
of the complete line of quality fluid 

circuitry components available from Westinghouse 


s 

if not, the chances are, your maintenance costs are higher 
than necessary. For more information about Quality Fluid Circui- 
try Controls for trouble-free automation, ask for Catalog A3-56.00. 


See the Yellow Pages under Cylinders for the Name of Your 
Loca! Distributor, or refer to Sweet's Catalog, Product Design File. 


WESTINGHOUSE AIR BRAKE COMPANY 


INDUSTRIAL PRODUCTS DIVISION, WILMERDING, PENNSYLVANIA 
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S The concentric pattern of interference fringes in the 
PLIT LIGHT BEAMS picture above is reproduced from an actual photo 
taken with the aid of an interferometer in the Sir 

MEASURE IN MILLIONTHS laboratories. The subject under examination is a 


microscopic flaw in the surface of an accurately 

. : 2 2 lapped steel ball. The principle of utilizing split beams 

lo help SSF build better bear ngs of light to form interference patterns enables accu- 
rate measurements to be made in millionths of an inch. 

SSF is a leader in the development and applica- 

tion of ultra-precise measuring systems. The Sis 

metrology laboratory plays an important part in a 


continuing program of research to produce bearings 
MOTION ENGINEERING of improved accuracy and finish, and consequently, 


” 


quieter, smoother running characteristics. 
Whatever types of rolling contact bearings you 
need—ball, cylindrical roller, spherical roller, tapered 
roller or precision miniature—you'll find S&S your 
best assurance of dependable performance. Sif 
Advanced ball and roller bearing technology Industries Inc., Philadelphia 32, Pa. 6104 
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SILICONES 





Between this man’s hand and a 5,000°F oxy- 


acetylene torch flame is a 4% 


| 


inch section of 


G-E silicone rubber. After 30 seconds exposure, 
the back-side temperature reaches only 100°F. 
In actual plasma jet tests,.the same thickness 
of silicone rubber was exposed to a 9,000°F 
heat for 6 minutes. The back-side temperature 
rose to only 470°F, with 70% of the rubber 
remaining intact. 


Thermal barner against 5000°F flame 


GENERAL ELECTRIC SILICONE RUBBER 


The surface of the tested rubber section forms 
a hard, carbonaceous crust, while the underside 
remains flexible and undamaged. Preliminary 
tests showed the effective heat of ablation to be 
eight times better than presently used plastics, 
with one-seventh the rate of ablation and one- 
fourth the weight loss. Here is an excellent 
ablative covering with low thermal conductivity. 


RESULTS OF PLASMA JET TESTS AT 9,000°F 


Flight Simulation 
Vel. = 17,000 ft. /sec. 
Alt. = 250,000 ft. 


Back-side 
temperature of 
14 inch section of 
G-E silicone rubber 


100°F 
210°F 
300°F 
375°F 
430°F 
470°F 


Exposure time 
at 9,000°F 
30 seconds 

2 minutes 
3 minutes 
4 minutes 
5 minutes 
6 minutes 


The above chart shows how the high thermal in- 
sulation of G-E silicone rubber is maintained dur- 
ing exposure to 9,000°F heat. It is also useful in 
mechanical and electrical applications at tempera- 
tures from —150°F to 600°F, where it remains 
resilient and flexible. It also maintains its excel- 
lent physical and electrical properties over this 
wide temperature range for extended periods. 


Continued high temperature testing goes on at 
General Electric’s Missile and Space Vehicle 
Department in Philadelphia. Shown above is a 
typical specimen undergoing plasma jet testing 
in an electric arc heated supersonic wind tun- 
nel. Continuous testing like this will develop 
new data on the thermal and ablative uses of 
G-E silicone rubber. 


To learn more about G-E silicone rubber, and its uses as a thermal and ablative material, 
write: General Electric Company, Silicone Products Dept., Section A1061, Waterford, New York. 


GENERAL @@ ELECTRIC 
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Application tested! Proved! 


WHY HEAT TREAT 
PARTS? use 450 


elevated temperature drawing (150,000 psi tensile) 


ALLOY STEEL BARS 


@® 150 Alloy needs no heat treating! 


<&® 150 Alloy has 150,000 psi tensile guaranteed! 
(Rockwell C32 minimum) 


€@® 150 Alloy machines better than heat treated 
alloy steels! 


SN a = 


Here are cost-reducing advantages 


(1) Heat treating problems, costs (and secondary operations) are 
eliminated. (2) “e.t.d.” 150 machines better than heat treated in-the- 
bar alloy steels. (3) Tool life and finish are excellent. (4) No quench 
cracks or distortion from heat treatment. (5) “e.t.d.” 150 has excep- 
tional strength and hardness uniformity across the bar. (6) End 
cost of parts is greatly reduced. 


Use this coupon to request Helpful Data Bulletin 22. 


Manufacturers of 
aa ‘STEEL CO STRESSPROOF®, FATIGUE-PROOF®, 


and a complete line of 
1430 150th St., Hammond, Ind. cold-finished steel bars. 
Name 
Title 
Company. 
Address 


a eS State. 
Available from your Steel Service Center 
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Armco Division, Armco Steel Corporation 
2081 Curtis Street, Middletown, Ohio 


I'd like more information on Armco’s High Strength, Low Alloy Steel 


Put “MUSCLE” Where You Need it 
...AT LOW COST... 
With Armco High Strength Steels 


You can build for strength at low cost with Armco High Strength Steels. Their strength- 
price relationships mean savings in light-weight structures that must be husky. 

Meet your exact needs. Armco High Strength Steels are a group of special alloys with 
varying combinations of corrosion resistance, workability, and physical properties. 


Complete selection 

A special-analysis steel is produced for each of Armco’s high strength, low-alloy steels. 

This selection is as complete as any group of low-alloy steels _ 

; : ff ~ identify sturdy, 

in the industry. j durable modern 
Find out for yourself how you can save with special Armco ay 

High Strength Steels. Just call your nearest Armco Sales 

Office or fill in and mail the coupon. 


steels in your 
products. Use 
this label. 


Armco High Strength Low Alloy Steels 





No. 5 No. 6 No. 7 


Atmospheric 4to6times 4 to 6 times Equal to Equal to Equal to Equal to 
Corrosion mild carbon mild carbon copper-bearing copper-bearing mild steels mild steels 
Resistance steels steels mild steels mild steels 








Yield Point 50,000 psi min. 45,000 psi min.50,000 psi min. 50,000 psi min. 50,000 psi min. 45,000 psi min. 
Tensile Strength 70,000 psi min. 64,000 psi typ. 70,000 psi min. 70,000 psi min. 70,000 psi min.65,000 psi min 
Fabricating Fair—paraliel Fair—paraliel 


Properties— Average Good bends must bends must Average Good 
As Rolled have radius have radius 











€ ? “— 
ARMCO Armco Division 


La 


oo” ee 
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Esives 


FOR ALL METALS AND ALL PLASTICS 





NEW LOW-COST, 





Bond, ,ifn, M666 


An easy-to-handie, “equal mix” (by volume), 
100% -reactive, two-part formulated epoxy adhe- 
sive which produces high-strength bonds be- 
tween practically any materials. Coated parts 
may be mated without delay to cure at room 
temperature, require only enough pressure to 
keep them in intimate contact during cure. 


Fully cured bonds exhibit minimal shrinkage, are 
electrical insulators, and provide excellent re- 
sistance to weather galvanic action, and most 
chemicals, acids, and alkalies. 


BONDMASTER M666 has been found to be par- 
ticularly effective for the bonding of the fol- 
lowing materials: 


‘ ‘ . i . on 
brass * bronze . cast iron © zinc © 
steel © stainless steel * Alnico mag- 
nets * ceramics © carbides © glass ¢ 
graphite © treated Tefion © rigid 
plastics © heat-resistant rigid 
plastic foams °¢ structural laminates 
® Foamglas * asbestos board *¢ 
honeycomb sandwich panels © dec- 
orative laminates * wood * hard- 
board ¢ particle board ¢ and many 
other materials and surfaces. 

SPECIAL NOTE ON COSTS ; 

FOR VALUE ANALYSIS PERSONNEL 

Aside from the lower labor and equipment 
costs resulting from the use of a 1:1 mix, 
BONDMASTER M666, itself, is priced at % 
to ¥ less than most conventional formula- 
tions of equivalent strength. 


in mass production panel bonding applica- 
tions, for example, the cost per square foot 
of completed glue line with this 100%-re- 
active epoxy is equal to or less than that 
achieved with most solvent-dispersed ‘‘con- 
tact bend” types. 


Add to this the many advantages that 
epoxies offer (one surface application; no 
ovens, no lamps; no nip rolls; greater re- 
liability, etc.) and you have a new bonding 
concept that warrants prompt evaluation! 











RUBBER & ASBESTOS 
CORPORATION 
235 BELLEVILLE AVENUE 
BLOOMFIELD, NEW JERSEY 
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Equal parts by volume... 


Now any workman, anywhere, every 
time can accurately proportion and mix 
new high-strength BONDMASTER 
M666 room-temperature-curing epoxy 
adhesive . . . without scales, without 
costly “kits”, without special equip- 
ment. 

Just pour out equal parts — by VOL- 
UME — and mix. One part is colored 
red, the other is clear amber. Mix until 
the color is uniform — it’s ready for 
use! (No danger of improper mixing — 
the color gives a clear signal.) 

The mixed adhesive is smoothly free- 
flowing — can be applied with spatula, 
trowel, paint roller, knife, brush, etc. 
Here, color gives swift visual check on 
uniformity of coverage — skipped spots 
or inadequately coated areas are in- 
stantly signalled . . . and corrected. 


ONE-10-ONE-MIX EPOXY FEATURES 


¢ EQUAL PART MIX BY 


¢ HIGH STRENGTH 
¢ ROOM TEMPERATURE CURE 
¢ “COLOR-SIGNALLED” COMPONENT 














. mix until streaks disappear . . . spread! 


HIGH STRENGTH — NO FOAM ATTACK 

BONDMASTER M666 is 100% re- 
active; undegraded; formulated for 
industrial use —do not confuse with 
“filled” household products. Fully 
cured metal-to-metal bonds, tested at 
r.t. using MIL-A-5090B procedures, 
yield up to 3,500 psi. Bonds involving 
expanded ‘styrene foam withstand 
175°F for 200 hours without cell attack. 


WRITE FOR FURTHER DATA 

If you are now using ANY two-part 
room-temperature-curing system, it 
will pay you to investigate the lower 
labor and material costs .. . and high 
strength .. . attainable with BOND- 
MASTER M666. If you’ve been hesi- 
tant about using epoxies, here’s a “fool- 
proof” adhesive that any employee can 
now handle without problems. 
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The 
Big Roll 
is on 


with 
new 


Or 


Caster 
Bearings 


A ‘ 
; —. 
rr 


Improved rollability, greater load capacity and a three 
to four times increase in service life are the out- 
standing advantages offered by new Torrington 
Caster Bearings used in the famous Rapids-Standard 
line of casters and wheels. 

The Torrington Caster Bearing is a true precision 
bearing consisting of double paths of rollers retained 
in a drawn cup outer race. A molded plastic retainer 


progress through precision 


THE TORRINGTON COMPANY 
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effectively spaces rollers... insures true rolling even 
in tough shock load or high speed drag line applica- 
tions. Ample provision for lubricant retention. Fric- 
tion at a minimum. Simple press fit makes handling 
easier and faster... substantially cuts assembly 
time and costs. 
Investigate Torrington Caster Bearings for your 
application. Cail or write us today. 


TORRINGTON BEARINGS 


Torrington, Connecticut « South Bend 21, indiana 
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A BEAUTIFUL FINISH TO START WITH 
... AND SAVE WITH: 


PRE-COATED STEEL COILS FROM 
ENAMELSTRIP 


Three beautiful ways to finish a job before you start: 
Vinyleoil® (Vinyl-Clad Steel), Enamelcoil® (Enamel-Clad 
Steel) and Artcoil* (Polyester-Clad Steel) coils. These cost 
cutting coils offer exceptional flexibility, savings and eye- 
catching beauty in the products made from them. 


DESIGN FLEXIBILITY— Just the look you want through our 
wide, wide choice of colors, textures and prints. 
Vinyleoil—In most colors plus matte, leather and wood- 
like grains, prints and woven or textured finishes. 
Enamelcoil—In any color you desire. 

Artcoil—In an almost unlimited range of design and colors, 
photographically reproduced. 

Applications unlimited: auto interiors, appliances, mobile 
homes, business machines, desks, counters, luggage, wall 
paneling, furniture. (You name it, we have the pre-coated 
steel to make it.) 


PRODUCTION SAVINGS—No cleaning, tumbling, spray- 
ing, dipping, rustproofing, baking or drying. Less scrap 
loss; reduced investment in finishing equipment, space 
and labor requirements; lower insurance costs; longer die 
life. No fabricating restrictions—you can bend, crimp, 
drill, pierce, emboss, deep draw, roll form or lock seam 
most finishes—work them to the very limits of their 
tough steel base without damaging their durable coatings. 


SALES APPEAL— Your product has immediate customer 
appeal because of its finished beauty, its resistance to 
scratches, scuff marks, stains and corrosion. 

The competitive edge is yours when you start with a 
beautiful finish. Specify the good looks and long life— 
the savings and flexibility of these modern pre-coated 
steel coils from Enamelstrip. Contact your nearest National 
Steel Sales Office for complete details. *Trademark 
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ENAMELSTRIP IS A DIVISION OF NATIONAL STEEL CORPORATION 





FORCE PISTON DISC VALVE 
SEPARATOR PLATE 








DRIVE GEAR and DRUM 





ACCELERATOR PISTON 





CLUTCH PLATES 








poy, ey 8 
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lube pressure. Shifting is actuated 
at A and D and accomplished by a 
unique transfer of oil between cavi- 


ties B and C. 


7 ame onl — — 

. ‘ i 4 

i *) {HHH Clutch is always filled with oil at 
- h “en 


NEW | Power Shift Clutch 


sed engages in a fraction of a second 





Power Shift Clutch 
Unmodulated Clutch 
Maximum Torque 
Power Shift 
Clutch 
Unmodulated 


_— Travel Time 


Steady State 


Torque Level 


Transient 


en Complete 

















Automatic Torque Control 
The Power Shift Clutch travel time to initial engagement 
is less than half that of the unmodulated clutch. Torque 
builds up smoothly in the Power Shift Clutch which 
transmits only enough torque to complete the shift, then 
continues to maximum capacity. This results in ex- 
tremely fast, smooth operation, 


Now you can design your transmission for full 
power automatic hydraulic control using Rockford 
power shift clutches. These space-saving, compact 
clutches let you put top power train performance 
in the most convenient housing. They permit you 
to tailor your transmission needs to specialized 
equipment requirements such as driving off-high- 
way vehicles, prime movers, marine gears, forward- 
reverse units and machine tools. These heavy-duty 
drive units provide end-to-end shifting, built-in 
lubrication with ultra fast, smooth operation. 
Rockford also can provide 
torque converters, regulating 
and control valves for the com- 
plete power train control. 
Write today for the Rockford 


Power Shift story. 


DIVISION 
OF 


1229 WINDSOR ROAD @ROCKFORD, ILLINOIS ROS BORG. 


Export Sales Borg-Warner International, 36 South Wabash, 
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Chicago, Ill. cute een 
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Photodrawings on CRONAFLEX'": 
Easy new way to communicate complex design data— 


at lower cost! 


Designing advanced computer prototypes, engineers at 
Remington Rand's Univac Division faced the problem of 
transmitting complex specifications to customers and 
production facilities—many of them overseas. Needed were 
drawings graphic enough to minimize misinterpretation, 
yet adaptable to progressive modification and refinement. 


The solution: photodrawings on CRONAFLEX® Engineering 
Reproduction Films. In this technique, a photographic image is 
used as the main body of an engineering drawing and assembly 
detail is added by a draftsman. Not only does the new method 
make complicated specifications easily understandable, it 

has already cut drafting time—and costs—drastically. 


Says Theodore Warzel, Chief of Univac Division’s Photographic 
Department: ‘‘We actually turn out completed drawings about 
25 times faster than we used to! And the excellent erasability 

of CRONAFLEX permits numerous revisions to be made— 

a must in critical development work—with no 

damage to its fine drafting surface." 





Results like these are typical of the performance of 
CRONAFLEX in situations where other materials promote 
waste and inefficiency by failing to fit a need exactly. To 
learn how these versatile films can meet your own 
requirements, clip and mail the coupon today 
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Draftsman adds assembly detail to 
complete master original photo 
drawing. Photographic images 
insure accurate interpretation of 
data, also mean tremendous savings 
in time and money 


E 
Photo Product: PE 


Wilmingto 


Please send me, without obligatior 


Information on the full line of 


CRONAFLEX films 


Details on photodrawing t 


techr 


aescribed nere 
} bed t 


*te vu 5 war OFF 


Better Things for Better Living 
through Chemistry 
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DEVELOPMENTS TO WATCH 





Your next car may have a bubble top if progress in developing a suitable glass 
continues at its present rate. Already under test: variable-density glasses that will 
cut out damaging rays in critical areas; also glasses that will change color with the 
rays of the sun—blacking themselves out, in effect, to reduce glare but permit 
adequate vision. 

These variable-transmission glasses will also be strong—strong enough, says F. 
C. Paffard Jr of Pittsburgh Plate Glass, to become part of the automobile body, 
not just a filler for openings. He’s not setting an exact date on their introduction, 
though. Nor is he ruling out other approaches. 

PPG has a number of mechanical devices under test for controlling light inten- 
sity manually. These include wirelike embedments in laminated glasses to be 
operated on a polaroid principle; and multilayered systems, louvered both vertically 
and horizontally, that would operate almost like Venetian blinds. 


Melting points in the 6000 to 7000-F range; hardness that can be varied almost at 
will, from almost soft to harder than commercial carbides; and an oxidation resis- 
tance comparable to tungsten. 

These are the properties of carbides produced by vapor deposition techniques, 
High Temperature Materials Inc reports. HTM has been applying to columbium, 
tantalum, and hafnium carbides the same methods it uses in making pyrolitic 
graphite (PE—May 1, p 8), says materials so produced show oxidation rates of 
less than 1 gm/cm?/hr even at 2400 F, microhardness figures 40 to 60% higher 
than those for hot-pressed material, and have excellent bond strength. 

Hardest of the three is carbon-rich pyrolitic hafnium carbide (Knoop micro- 
hardness: 4000 Kg/mm?). Its melting point is 7030 F. Tantalum carbide is not as 
hard (Knoop figure is 3000). But it melts even higher—at 7030 F. Columbium 
carbide has the lowest melting point (6330 F), is intermediate in hardness (3500 
for carbon-rich pyrolitic material). 

The materials are not yet fully commercial, but are available for evaluation in 
coatings or thin-walled sections up to 18 in. dia and 36 in. long. 


New seals for hydraulics—gaskets and moldings specifically designed for use with 
the newer silicone and phosphate ester hydraulic fluids (PE—Sep 18 ’61, p 71 and 
Oct 24 ’60, p 45)—are being introduced by Britain’s Dowty group of companies. 
The materials are rubber-based compounds, most designed for from —76 to 212 F; 
but one (for use with chlorinated silicone fluids) is said to stand temperatures at 
least to 400 F. Its pour point is about -40 F. Also new from Dowty: a butyl 
compound, specifically designed for the elevated-temperature range (200 to 300 F) 
—on brakes, engine controls and the like. 

Dowty Seals Ltd, Ashchurch, Glos., England fabricates the seals, also produces 
a wide range of special formulations. 


Design flexibility at low cost for printed circuits, That’s the aim of Xerox Corp 
in combining a new microcircuit board concept with its xerographic techniques. 

The idea is to produce ceramic wafers carrying layered films of conductive, 
resistive, and dielectric materials—one on top of the other so that RC networks 
can be produced in any desired arrangement of conductors, resistors, and capa- 
citors just by masking and etching. It is not necessary to stick to standardized 
circuits. Furthermore, says Xerox, a novel interconnection system, using notched 
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DEVELOPMENTS TO WATCH continues 





and slotted wafers makes it possible to hook the modules up without soldering. 

To speed and simplify the job still further, xerographic stenciling can be used 
in place of conventional photo-resist and silk-screening techniques. According 
to J. J. Kinsella of Xerox Materials & Devices Lab, complete networks, ordinarily 
requiring two resist applications and two etching steps, can be produced in less 
than 10 min., and resist images alone can be applied in less than 2 min. 


Conductive coatings, adhesives, and seals that will dissipate electricity or complete 
a circuit, are being improved in a number of ways. 

Alcoa, for instance, has a new electrical joint compound which, it claims, is 
far superior to any previously available in resistance to both low and high 
temperatures. It remains pliable down to zero F and has a drip point above 
550 F. Furthermore, Alcoa says, it can stand a continuous load of 1000 amps. 


For applications where soldering is impractical, there are new conductive adhesives 
which may do the trick. One of the newest is a silver-filled epoxy resin developed 


by Adhesive Engineering Div, Hiller Aircraft. (For news of other conductive 
resins, see below and PE—Sep 18, p 144 and 147). 

The AE adhesive may be used for bonding lead terminals, and in other applica- 
tions where a low-resistance bond to heat-sensitive materials is needed. 

It is said to provide a strength of about 1500 psi in tensile lap shear tests at 
room temperature, and about 1600 psi at 180 F, with almost no loss of strength 
after 7 days’ immersion in water. Resistivity is on the order of 0.01 ohm-cm. 

The resin will cure in air in 24-48 hr, more rapidly at 150 F; and useful 
temperature range after curing is said to be -67 to 350 F. 


Conductive ceramics are becoming available, too, to solve design problems. For 
cathode ray tubes and other ceramic-and-metal assemblies, Phillips of Eindhoven 
is using vitreous ceramic seals incorporating strips of conductive “paste” to serve 
as an electrical bridge. 

The technique involves painting lines of powdered metal paste on each of the 
surfaces to be joined, coating the edges with a powdered vitreous or glaze, 
pressing the two parts together, and heating the assembly. The heat melts the 
metal to form a conductive strip in the sealing material; and at the same time, 
cures the seal itself. The glaze can be any one of several low-melting vitreous 
powders, the metal may be powdered silver, or platinum. 


Selectively conductive glazes are also being developed in East Germany—for 
high-voltage insulators. The aim: to avoid radio disturbances caused by corona 
discharges. According to a report in Silikat technik, the glaze is a conventional 
white frit, to which is added an oxide mixture that will “form a semi-conducting 
net of spinel crystals.” Any of several oxides of iron, chromium, nickel, copper 
and cobalt may be used; but, the Germans say, iron and chromium oxides, with 
small amounts of titanium oxide, facilitate magnetite formation. 


New conductive plastics are challenging conventional fabric shielding for high- 
voltage insulating jobs. DuPont, for instance, has a new “semiconducting” poly- 
ethylene resin that can be applied to cable as an extruded layer or in the form 
of wrapped tape, and may also be suitable for molded parts which must be free 
of static electricity (blasting caps, for instance). 

None of these materials represents a brand-new approach. The basic materials 
are still the same—carbon and metals for the conductors, and ceramics and 
resins for the vehicles. But as these examples show, a good many companies 
are finding improved methods for putting them to work. 








If you’ve been hankering for a chance to 
try cesium, the low-melting, high-boiling 
alkali metal, you can now buy ultrahigh 
purity material (better than 99.9%) from 
Dow Chemical in convenient “porcupine” 
packages (see sketch) for $1 a gram ($325 
a pound). Or, if 99% purity will satisfy 
you, US Industrial Chemicals will supply 
it for a mere $100 a Ib, in 1, 5, or 20-lb 
cylinders. 

As Dow points out, the metal is easy 
to use—just melt it with the heat of your 
hand and pour it out. Be careful, though, 
what you pour it into. The metal ignites rapidly in air, explodes violently when in 
contact with water, so a protective atmosphere is needed. 

What can you use it for? Interest right now centers on ion propulsion where 
its high ionization factor is expected to be of great value. Ready ionization is also 
finding it experimental application in thermionic converters (PE—Nov 16, 59, 
p 7). But it’s also used for such relatively prosaic components as photomultipliers, 
and in ceramics and metallurgy. 

The specifications: It melts at 83 F, boils at 1238 F, is about twice as heavy 
as water. Closest relatives: sodium, potassium, and rubidium. 











Epoxy resins show considerable promise as structural insulating materials says 
M. Kurtz of Ontario Hydro Electrical Research. If formulated for maximum 
track-resistance, and backed up by careful product design and control of surface 
voltage gradients, they may well be able to replace high-voltage porcelain bushings 
and insulators. There is much to recommend them: ease of fabrication to close 
tolerances, good mechanical properties, excellent weather resistance. 

Long-term outdoor tests by Ontario Hydro, using cylindrical specimens sub- 
jected to 20 kv at 60 cycles, showed filled epoxies outlasted all other plastics 
tested (PVC, phenolics, glass-melamine, polyethylenes, and several others) by a 
factor of more than 10 to 1. With a 6-in. electrode spacing, for instance, the 
filled epoxy stood nearly 18,000 hr; the low-density polyethylene ignited at 1200 
hr, the glass-melamine laminate stood less than 1100 hr, and the phenolic-paper 
laminate took about 325 hr. 

Now, new tests are underway to find the best combinations of epoxy fillers 
and surface coatings to do the job. 


Aluminum castings with tensile strengths to 50,000 psi, yield strength in the 
40,000-psi range, and an elongation of 5% can be produced, Watervliet Arsenal 
engineers believe, by careful control of foundry variables. The arsenal has already 
produced aluminum mortar-base plates with tensile strengths (in specified areas) 
of 45,000 psi; yield, 38,400 psi, and 3% elongation. Now, private-industry 
contracts are being signed for commercial production. 

A report on preliminary phases of the work, outlining the casting and heat 
treating techniques, has been prepared by M. L. Slawsky and F. A. Heiser of 
Watervliet Industrial Processes Branch (PB 171, 564), available through OTS, 
Dept of Commerce, Washington 25, DC. 

Also underway at Watervliet: A new research program on forgeable steel cast- 
ings, aimed at producing metal with a yield strength in the 100,000-to-180,000 
psi range, an impact strength of at least 19 ft-lb at -40 F, and 15% reduction in 
area before fracture. Already, Slawsky reports, castings with the desired impact 
strength, and tensile strengths as high as 300,000 psi, have been achieved by 
use of low impurity melting stock and a homogenizing heat treatment. As yet, 
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DEVELOPMENTS TO WATCH continued 





though, the reduction-in-area goal has not been achieved. The best so far is 
about 8%. However, work is continuing, with every expectation of reaching the 
15% mark, and perhaps even exceeding it. 


Problems as well as solutions highlight today’s news. 


Delayed cracking of titanium—sometimes as much as a year after fabrication— 
is causing a good deal of concern. Aircraft companies have reported finding 
cracks in unalloyed titanium parts—some welded and obviously stressed, some 
heat-treated, some seemingly subjected to little strain. 

Hydrogen-induced strain-aging embrittlement has been given much of the blame. 
But, a study at Battelle Memorial Institute shows no clear evidence of it. Speci- 
mens examined after fracture in the stress-rupture tests did not show the concentra- 
tion of hydrides which might be expected in strain-aging embrittlement. 

Battelle does have a suggestion on preventive measures though: stress-relief 
annealing. This is, Battelle says, the most effective remedy now available. 

A report (DMIC 124) on tests made thus far is being prepared for publication 
by OTS, Dept of Commerce, Washington 25, DC. 


Bearings may destroy themselves—by self-induced static discharges that penetrate 
the oil film and pit the race surface Army Transportation Corps points out. It’s 
a serious, though little recognized problem in rotating machinery, and there’s no 
readily available solution. ATC is seeking information on the problem, will 
welcome suggestions. Address: Chief of Transportation, Dept of the Army, 
Washington 25, DC; attention, Director of Research and Development. 


Glamor doesn’t always pay off—not in batteries, anyway. To find better electro- 
lytes for silver oxide-zinc alkaline batteries, Naval Research Lab has been testing 
such “new” compounds as cesium and rubidium hydroxides as well as the old, 
familiar potassium hydroxide. The result? Potassium hydroxide turned out to be 
“considerably superior” to the newer compounds, as well as to the lithium and 
sodium compounds previously tested. The cesium and rubidium compounds had 
never been tested before because of their very high cost. But, recently they have 
become commercially available at a reasonable price, and their use would be feasible 
if they could give any improvement in the cell characteristics. 


Design your own table lighter, says Ronson Corp, as it introduces a self-contained 
butane lighter module. Just drop it into any bottle, chalice, or your own ceramic 
or plaster mold, and it’s ready to go to work. It comes complete with flannel 
surfacing and an adapter band; will be priced at $12.50. 


You'll be able to carry your own cocktail bar with you—right in your pocket, 
or a hot lunch if you prefer, if plans of William Steven Co, Los Angeles, work 
out. Laminated Mylar-polyethelene plastic has been used in designing dual-unit 
pouches which would carry a cold-retaining or heat-producing chemical on one 
side, and beverage or food on the other. Put a cocktail mix with the cold pouch, 
provide an opening for a drinking straw, and you're all set to go. Your choice of 
beverage, of course. The same-would apply to the “Insta-heat” pack for anything 
from soup to stew.—ARG 
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PRODUCT 
ENGINEERING 


Your guide to 
Brazing with preforms 


The method provides a simple answer when you need 
fast production and consistent brazes. 
Just place preformed braze metal at the joint, then heat it. 


A S§ CROSS JR, brazing engineer, American Platinum & Silver Div, Engelhard Industries 





es. REPLACING the alloy at the joint 
assures consistent high strength, 
permits brazing of multiple joints with 
a single heat, and allows automatic 
handling that reduces cost of parts. 
Even hand or torch brazing is simpli- 
i fied because the uniform quantity of 
WN \ metal in the preform can reveal 
whether the parts are properly assem- 
a bled and whether the joint is com- 
pletely brazed. Preforms also permit 
designing part with hidden joints that 
are partly inaccessible or totally en- 
closed. 


q : 
aN . PREPLACED RINGS Designing the joint 


For best strength, joints should be 
designed as laps loaded in shear. The 


SS . Ye N\ RQ overlap need be no more than 3 times 
Zz ZN x ; TTZZZ2 . Nez the thickness of the thinner member 
IW N SS of the joint. This will be economical 


while giving sufficient strength for 
most applications. 

A good starting point to determine 
the required overlapped area is to use 
RING IN GROOVE an ultimate shear strength of 30,000 
psi. This value can generally be used 
for joints in ductile metals—these 
give good distribution of. the -stresses 
across the shear area. 

Best practices provide a clearance 
of 0.003 to 0.005 in. at the brazing 
paiprib eget tone temperature. Higher clearances, up to 
diessunet Glin wai quickly 0.006 to 0.008, are usable but require 

‘ more braze metal. Also, wider gaps 
have less capillary attraction to hold 
the braze metal in the joint. Because 
they may not fill properly, these gen- 
erally have somewhat lower strength. 
FLAT WIRE RINGS have large Clearance less than 0.001 in. is expen- 
contact area, melt faster; recom- sive because it requires close machin- 
mended for internal rings. ing tolerances on the parts. These 
narrow clearances generally give low 
strength joints—they contain voids be- 


Common joints for brazing preforms 
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10 ways to position 
parts for brazing 
with preforms 





Wire 





a. Spun or crimped edge 

















Se/t-locating shoulder 





4 






































Threads 





SSS 


Spot weld 















































cause gas and flux trapped between the 
parts are difficult to displace. In dis- 
similar metal joints, the gap at room 
temperature must allow for differences 
in expansion so that the gap will be 
within the recommended range at heat. 

Parts must be assembled and held 
so they cannot shift while heating or 
cooling. Shoulders or counterbores 
help position the parts during brazing. 
Another method is to preassemble 
them by tack welding or crimping to 
eliminate the need for clamps or fix- 
tures 

Both parts should heat to brazing 
temperature before the brazing pre- 
form melts, in order to have complete 
wetting of the joint. This is why 
thicker or larger members should pref- 
erably be at the outside of the joint— 
to make it more accessible to the heat 
source. Sometimes designs must also 
shield the preforms from the heat to 
avoid premature melting. This is es- 
pecially necessary for preforms made 
from thin sheet or small-diameter wire. 

Where the brazing alloy preform 
is placed depends mainly on the heat- 
ing method. 
External rings placed around the OD 
of a part require closely controlled 
heat so they won’t melt before the 
parts reach brazing temperatures. 
These rings are best with induction 
heating—they can be quickly as- 
sembled onto the part and do not 
melt prematurely because heat is in- 
duced more quickly in steel than in 
the preform. 


Internal rings are generally better for 
flame brazing. These, however, are 
harder to handle because they must 
be squeezed and then slipped into the 
part. 

Totally enclosed rings assembled in 
machined grooves are usually used in 
salt bath brazing. This design prevents 
premature melting, also prevents loss 
of braze metal from the joint. 

With manual brazing, internal and 
enclosed rings also indicate the tem- 
perature in the joint—when the alloy 
appears at the surface and forms a 
fillet, the inside of the joint is suffi- 
ciently heated. Preforms also should 
be placed so that the molten braze 
metal will flush out air and flux from 
the gap. For example, where a rod 
is brazed into a blind hole, place the 
preform at the bottom. When the 
braze metal melts, it will flow upwards 
along the rod and displace any gas or 
flux. 


Specifying the preform 

Wire rings or bent wire shapes are 
most common because they can be 
cheaply made with little waste. There 
are these three types: 


Butt end rings are used for diam- 
eters less than 1 in. They are dropped 
into place or sprung slightly and 
slipped over the work. For a light 
holding fit, the inside diameter is made 
0.005 to 0.010 in. smaller than the 
diameter of the part. 


Rings with overlaps are used on 
larger-dia parts or where the ring must 
grip tightly. When sprung and slipped 
over the correct outside diameter the 
wire ends are met in a butt joint. 
Recommended overlap increases with 
the part diameter and decreases as 
the wire diameter increases. 
Open rings with gaps fit within the 
ID of a part. When compressed in 
place the ends are 0.010 to 0.015 in. 
apart. 

Other types of preforms: 
Multiple turns of small-dia wire and 
rings of flat wires formed into bush- 
ings or collars provide more metal 
closer to the joint dia. These minimize 
runoff and require shallower ring 
grooves in enclosed joints. 
Flat disks, shims and washers are bet- 
ter for wide flat joints but are more 
expensive than wire because there is 
more waste when stamping these 
shapes from sheet. 
Washer preforms are used for small 
parts where the alloy is placed be- 
tween two flat surfaces. They make 
good thermal contact with the work 
and stay in position better than rings 
or bent wire. 


Flat wire, edge-wound into washers, 
are cheaper than stamped shapes for 
large parts because there is less scrap 
in making them. However, edge- 
wound rings are not economical in 
small sizes and are particularly difficult 
to make in thin material. 


Coined or cold-headed preforms are 
also made for special applications 
where an unusual or nonuniform 
cross-section is required. 


Selecting the alloy 


Best choice for brazing with pre- 
forms are the alloys that melt within 
a narrow temperature range. They 
quickly flow into the joint, actively wet 
the metal surfaces when the braze 
temperatures is reached, and depend 
less on heating rate for a good joint. 

Alloys with wider melting ranges 
will bridge wider gaps but should be 
used with fast heating cycles. If the 
heating rate is slow, a lower melting 
constituent will melt out from the 
alloy, leaving behind a higher melting 
residue that does not contribute to 
joint strength. 

In general the lowest melting alloys 
such as ASTM BAG-1, 1A and 7 are 


text continued, page 48 
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Estimating wire diameter of brazing ring 














Ring groove joints 
For large parts and critical applica- 
tions, totally enclosing the brazing pre- 
form in a machined groove is recom- 
mended. This type of joint can fill long 
overlaps but reduces wall thickness 
where the groove is machined into the 
part. Where the parts are highly 
stressed or have thin walls, use large 
fillets in the groove and specify a wid- 
er but shallower groove with a flat 
wire ring. This however reduces the 
joint area. 


C (assume 0003) 


Volume of the preform must be suf- 
ficient to fill the joint gap or shear area, 
the shoulder plus the fillets. Calcula- 
tions are simplified by determining 
cross-section area of the braze metal 
rather than volume. Because the pre- 
form ring has approximately the same 
pitch diameter, the wire diameter with 
an equivalent area will correspond in 
volume to the joint. In the typical joint, 
area is found in shear area and the 
shoulder, and allowance is added fo: 
the fillets and the wire diameter se- 
lected by its cross-sectional area. 

=~LXT + SXC + fillet 
allowance (10% for large 
joints and varies up to 50% 
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preforms 


for small joints) 
= 0.0068 sq in. 
Wire diameter to use is 3/32 in., 
from table below. 





WIRE 


DIAMETER, IN. 


1/64 

0.025 
1/32 

0.040 
3/64 
1/16 
3/32 


SECTIONAL 
AREA, SQ IN. 


0.000,19 
0.000,51 
0.000,77 
0.001,28 
0.001,73 
0.003,06 
0.006,89 





Recommended gap or overlap for ring preforms 








nternal rings 





External rings 
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HOLE OR ROD 
DIA, IN. 


1/2 


eee ee es eee 


Square groove, round 
wire: larger shear area 
in joint. 


Wide shallow groove, 
flat wire: heavier wall 
in outer part, flat wire 
ring easier to com- 
press for insertion into 
groove. 





WIRE DIA, IN. 


= * 


1/16 


1/8 








1/16 | 





1/32 

















0 








*0.010 to 0.020 gap for internal rings 














Selecting 





PROPERTIES 


APPLICATIONS 


BASE METALS 





Stainless 
Steel 


Copper 


Brass 





Lowest labor cost for 
well designed joint 

To minimize heat on 
the base metal 

For best results with 
preplaced alloy by hand 
or mechanized 


a 


Good except on un- 
stabilized stainless 
steels 


Good 








Intermediate brazing 


temperature 
Melting through a plastic 
or mushy stage 


For bridging gaps or 
building fillets 

“Step” brazing of one 
joint adjacent to another 
without melting the first 
joint 


harmed by the tem- 
peratures 





High brazing temperature 

Eutectic-sharp melting 

White color alloy zinc 
and cadmium-free 


For vacuum application 
For best electrical con- 
duction 


Poor wetting and 
flowing although 
SILVALOY 301 
has been used on 
stainless steel 


Good on copper; 
use with care on 
brass and bronze 
because of zinc dis- 
tillation 





Higher temperature 
brazing 


Elevated - temperature 
service 
For “step” brazing of 


Good for those 
stainless steels 
whose corrosion re- 
sistance is not 
harmed by brazing 
temperatures 


Good on copper; 
use with care 
against zinc distil- 
lation on brass 








Flux-free brazing of 
copper 


For copper where flux 
residue is harmful 


Must not be used: 
brittle joints are 
formed 


Good for hand-fed 
alloy or where al- 
loy sheet is located 


Intermediate brazing Where fillets are re- 
temperature quired 











in an area joint 
(preforms are rec- 
ommended only 
where heating is 











GOOD 


Preload 























+_-Preform 




















These flush out gas and 
flux as the preform melts 


These trap gas and flux, result 
in voids at center of braze 


best for preforms because their melt- 
ing range is small (less than 60 F). 
Higher melting alloys, however, may 
be required if brazing is done in multi- 
ple steps. Parts are first brazed with 
the higher melting alloy, then with 
lower melting brazes. Liquidus tem- 
perature of the alloy must be lower 
than the solidus of the preceding. 

Of the brazing alloys for elevated 
temperature applications, AMS 4772 
is the most popular because it melts 
in the same temperature range as that 
required for hardening the 400 series 
stainless steels. Although most steels 
will not harden during the slow fur- 
nace cool after brazing, the 400 steels 
have sufficient alloy content so they 
can be brazed and heat treated at the 
same time. 
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brazing alloy 





RECOMMENDED ALLOYS 
ASTM B260-56T 
unless otherwise specified 


Solidus, 


NOMINAL COMPOSITION, % 





Liquidus or 
oF Fiow Point, °F 


Cu Zn Cd 





1125 
1160 


1145 


BAG-1—lowest temp 

BAG-1A—US Govt 
Grade 4 

BAG-7—whitish color, 
cadmium-free 


1145 
1175 


1205 


15 16 24 
18 


22 17 0 





BAG-3—for plastic range 
BAG-2-for plastic range 
with good flow properties 








AMS 4772 

BAG-4 

CLASS 1 (ASTM B73-29) 
CLASS 2 (ASTM B73-29) 





























EDITOR’S NOTE: For other re- 
cent articles on design for soldering 
or brazing, see: 

How to Choose the Right Soft 
Soider Alloy, Mar. 6 61, p 39—Com- 
pares the 28 basic types of solders; 
shows how to select one for your de- 
sign problem. 

How to Design the Soldered Elec- 
trical Connection, June 12 °61, p 57 
—Complete coverage on design pro- 
cedures for all types of soldered con- 
nections. 

Welding or Brazing Dissimilar Met- 
als, Dec 19 ’60, p 40—A requirement 
of no leakage at high pressure is a 
challenge to integral joints between 
two different metals. Article gives 
three ways to meet this requirement. 


PRODUCT ENGINEERING + OCTOBER 30, 1961 


How to Choose the Right Solder 
Flux, June 13 °60, p 43—The old 
classifications of “corrosive” and “non- 
corrosive” fluxes are no longer ade- 
quate for today’s soldering needs. 
This up-to-date flux-selection guide, 
based on chemical origin, and covers 
all significant types. 

Designing Brazed Joints for 1000 
F and Above, Aug 1 ’60, p 40—High- 
temperature brazing efficiently joins 
stainless steels, alloy steels, and the 
superalloys. This survey tells how it 
works, when to specify it, how to 
select the right materials, and proce- 
dure for getting design started. 

What the Tests Show About Sol- 
dered Aluminum Joints, Dec 7 °59, 
p 84—There are dozens of aluminum 


solders to choose from, each with its 
own characteristics. Here’s how 
they’re used, and how they will act 
after aging. 

Methods of Soldering Aluminum, 
Mid-Sep °59, p 372—Reaction-flux 
soldering, friction soldering, and ultra- 
sonic soldering are more applicable 
to aluminum than to other metals. 
These methods are discussed, along 
with the properties of aluminum 
solders. 

One Temperature for Successive 
Brazes, Dec 8 °58, p 84—Article 
shows how tighter production control, 
along with special brazing alloys, 
allows multiple brazing without re- 
ducing the operating temperature of 
final assembly. —Herbert L Kee 








PE special report on 


Instrument drives 


Where precise displacement—rather than power— 
is transmitted between two shafts, select one of 
these 11 types of instrument drives. 


ROBERT W CARSON, senior editor 


TP\HESE drives usually carry little 
I. power, and problems of strength, 
wear, power loss and size are sec- 
ondary to such requirements as space, 
stiffness, precise ratio, friction, back- 
lash, inertia and speed. Systems avail- 
able are: gears, chain, and belt drives. 

Relative position of the two shafts 
to be connected (below) is the first con- 





sideration in selecting the system. For 
closely spaced parallel shafts all sys- 
tems are applicable, with space be- 
tween shafts a limiting consideration at 
times. Shafts at right angles eliminate 
link chain but not bead chain, and 
close centers may also eliminate round 
belts and V-belts. Shafts at small 
angles are readily connected by bead 


chain and wire chain, and with some 
limitations by round rubber belts. 
Distance between shafts can also 
be a controlling factor. Gearing usu- 
ally is best for short centers; large 
distances favor belts or chain, and 
eliminate gearing unless a cross shaft 
can be added. Increasing distance 
adds problems in chains and belts, and 
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some other system such as electrical or 
pressure may be required (see “How 
to Select a Synchro,” Oct. 2 °61). 

For variable center distance between 
the two shafts, chains or belts with 
idlers may provide an answer for small 
displacements; larger movements may 
lead to flexible shafting. 

After eliminating the types not ap- 
plicable, the selection will then depend 
on detail requirements such as: ac- 
curacy and stiffness required; friction, 
backlash and wear limitations; space 
available and cost. Other factors that 
may need consideration are: noise, 
extremes in service temperature, main- 
tenance and need for lubrication. 


Precise ratios 


When fixed ratios are required flat, 
round and V-belts are ruled out be- 
cause of creep or slip varying with 
load and speed. Gears, chain and 
timing belts avoid slip or creep but 
cyclic speed variation or torsional shaft 
deflection may pose problems. 

Torsional deflection in a long shaft 
will vary with diameter and length of 
shaft. Chordal motion on all types 
of chain drive except silent chain in- 
troduces cyclic variations (above) that 
increase with decreasing number of 
teeth in the smaller sprocket. Instan- 
taneous ratios in gearing vary a small 
amount (right) as the result of “com- 
posite errors” arising from eccentricity 
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CHORDAL MOTION in chain drives introduces instantaneous variations in 
ratio. In silent chain involute tooth form and rocking at pivot avoids variations. 





A Variations in the distance 


between centers of test 
gear and master gear 





| 
Variations que 
Tooth to tooth to eccentricity of 
composite error \test geor 


Center distance 














Total composite 
error 


| 1 
! 





90 180 
Gear position, deg 





270 360 





COMPOSITE ERRORS in precision gearing arise from eccentricity, variations 
in tooth spacing, and the effect of movement of contact across the tooth face. 
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of the pitch circle, variation in tootn 
spacing and thickness, and wobble 
from misalignment. 


Torsional stiffness, backlash and wear 


In instrument and control drives, 
loads are often limited by acceptable 
torsional deflection rather than by 
strength or wear, and stiffness may 
well become a deciding factor. Long 
shafts, for example, may have to be 
beefed up for stiffness, and a jarger 
shaft diameter may require a larger 
diameter pinion, pulley or sprocket, 
increasing the space required for the 
drive. 

Where stiffness is critical, metal 
gears will give the smallest deflection 
under load and the most compact 


than metal, both at the teeth and in 
the hub and web. Metal chain will 
streteh under load introducing a de- 
gree of elasticity depending on the 
material and construction. Roller or 
silent chain are both relatively stiff 
compared with plastic link, bead or 
wire chain. 

Timing belts are designed to limit 
stretch, and closely approach gearing 
in stiffness. Flat and V-belts are sub- 
ject to little stretch under load but 
center distance adjustment determines 
ability to transmit load without slip. 
Round belts are molded of rubber 
without reinforcement and therefore 
have low stiffmess—a useful charac- 
teristic in drives subject to shock load- 
ing. 


two-way drives where high accuracy 
is needed. In gear drives it is a 
problem of controlling center distance 
to tolerances in tenths of a thousandth. 
In chain and timing belt drives, idlers 
can be adjusted to minimize slack, at 
the possible expense of increased fric- 
tion and radial bearing load. Back- 
lash will be no problem in flat and 
v-belts adjusted for proper tension, but 
elasticity in round rubber belts may 
produce an effect indistinguishable 
from backlash on two-way drives. 
Drive applications sensitive to back- 
lash may also present a problem in 
wear that can affect the choice of 
drive system—at times may be the de- 
termining element in useful life. In 
gears, for example, some form of 


drive. Plastic gears will deflect more Backlash can become a problem in spring-loaded nti-backlash device 





Comparisen 


STOCK SPUR GEARS 
METAL PLASTIC 











See Table I 


Size or pitch, min 

Min diameter 

Min arc of contact 
Center distance tolerance 0.001 
Accuracy of ratio Highest — 
Friction % 1-2 
Elasticity of drive Low 
Backlash 

Wear adjustment required 
Inertia of drive 

Speed, max rpm, min dia 
Static load, Ib 
Lubrication required Yes 
Noise at high speed High 
Space required Minimum 
Maximum temperature 
Rank, increasing cost 5 abe, eke) 

. 6,10 


300 


Sources (list at right) 1,4,6,10,13 














STOCK INSTRUMENT DRIVES ASSEMBLED ON A “BREADBOARD”. 
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The space problem 

Where a drive calls for a precise 
ratio between closely spaced parallel 
shafts, space required depends on the 
diameter of the largest gear or 
sprocket. This, in turn, depends on 
the ratio, the minimum pitch available, 
and the smallest pinion, pulley or 
sprocket that can be used. The table 
below lists data for components in 
stock or readily available, for stock 
spur gears, chain and belt drives— 
based on current catalogs. 

Instrument gears are regularly sup- 
plied in pitches of 48, 64, 72, 80, 96, 
120 and 200. Some sources also offer 
instrument precision in 32, 36 and 
40 pitch. Stock pinions and gears 
with integral hubs are supplied in all 

text continued, page 55 


range with different systems. Friction 
losses are lowest in spur and helical 
gears, and absence of radial loads on 
bearings further reduces friction. 

Roller chain and timing belts, when 
carefully set up with minimum ten- 
sion, will also have low friction, and 
will maintain it unless field service or 
maintenance is required; the provi- 
sion employed to take up slack may 
be misused in the field, and an adjust- 
ment giving excessive tension will pro- 
duce much higher friction losses. 

Drive friction will be higher for 
silent chain and bead chain because 
of multiple rubbing surfaces. Forces 
required to bend round belts and 
V-belts around small pulleys increase 
drive friction, and radial bearing loads 
are also inherently high. 


may be helpful. All types of chain, 
with their multiple points of wear, re- 
quire some form of take-up for high- 
accuracy two-way drives; and metal 
chain requires good lubrication and 
maintenance when high accuracy is 
combined with high speed. 

Belt drives, except for round rub- 
ber belts, usually offer no problem in 
adjustment for wear. Tension ele- 
ments incorporated in the belt are free 
from stretch, and little wear takes 
place on the belt surfaces in contact 
with pulleys. No provisions for wear 
adjustment are needed, and no lubri- 
cation is required. 


Friction 


Power required just to move the 
drive with no load varies over a wide 





of instrument drives 


CHAIN 
PLASTIC 





TABLE BASED ON SMALL- 
EST STOCK SIZE LISTED 
IN SUPPLIER'S CATALOG. 


BELTS 
ROUND 





SILENT ROLLER BEAD WIRE FLAT TIMING 


METAL GEARS AND CHAIN 
ARE STAINLESS STEEL. 





3/16 0.1475 1/8 0.117 0.184 .016x1/4 1/8 dia. 1/4 wide 


ALL KNOWN SOURCES 
WERE CONTACTED; THE 
FOLLOWING SUPPLIED 
DATA FOR THIS 
COMPARISON TABLE: 


1. Armac Gears, 4401 N. 
Ravenswood Avenue, 
Chicago 40, Ill. 

. Bohannon industries, 
2519 W. Cucharras 
Street, Colorado 
Springs, Colo. 

. Bead Chain Mfg. Co., 
110 Mountain GroveSt., 


0.665 0.431 0.320 0.400 0.483 0.375 3/4 


30° 30° 30° 30° 30° 120° 120° 


lers or shoes required; permit wide adjustments 0.005 1/16 


Fair Fair Fair Fair Low Low 


3-4 3-5 4-5 5-10 3-5 





2-3 


Low 








Moderate 


Moderate 








Moderate 


Depends upon tension adjustment and wear 


Idler or shoe required, or adjustable centers 


High 
9000 
50 
Yes 


Low 


| Hien 


600 


i We 
teal: 


8,9 


High 
12,000 
20 

Yes 
Fair 
High 


600 


5,10,12 





o 
peat teste: | 





Low 


10,000 


y J 


Fair 


50 


5 


Optional 


eg So) ee a 


2. 


3,15 








Fair 
1000 
5 


No 


Moderate 
600 


7 








High 


Moderate 


Varies with load 


a 


None 
High 
5000 
3 


No 





Some 


7000 


10 


No 


Low 


Moderate 





Moderate 


Low 


None 


Low 





Bridgeport 5, Conn. 

. Boston Gear Works, 
14 Hayward Street, 
Quincy 71, Mass. 

. Diamond Chain Co., 
Inc., 402 Kentucky 
Avenue, indianapolis 
7, Ind. 

. Dynamic Gear Co., 
inc., 175 Dixon Ave- 
nue, Amityville, N.Y. 

. Hodell Chain Com- 
pany, East 40th & 
Cooper Avenues, 
Cleveland 3, Ohio. 

. Link-Belt Company, 
Prudential Plaza, Chi- 
cago 1, iil. 

. Morse Chain Company, 
ithaca, N.Y. 

. PIC Design Corp., 477 
Atiantic Ave., East 
Rockaway, N.Y. 

. Russell Manufacturing 
Co. (The), Industrial 
Heights, Middletown, 
Conn. 

. Sierra Engineering 
Company, 123 E. Mon- 
tecito, Sierra Madre, 
Calif. 

. U. S. Gear Corpora- 
tion, 81 Bay State Rd., 
Wakefield, Mass. 

. U. S. Rubber Com- 
pany, Philadelphia 35. 
. Voland Corporation, 
27 Centre Avenue, 
New Rochelle, N.Y. 
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or most of these pitches by several 
sources in the sizes shown in Table I. 
While ratios of 10 or higher are avail- 
able using stem pinions, maximum 
ratios using integral-hub stock gears 
are in the range of 4 or 5. 

Higher ratios may shift the decision 
from integral-hub spur gears to worm 
gears and a right angle drive if space 
is at a premium. Stock worm gear 
combinations are available for ratios 
from 7.5 to 360, using 1, 2 and 4 
thread worms. 

When larger shaft distances call for 
gear diameters too large for space con- 
siderations, chain or belt drives may 
be the answer. While the variety of 
systems (on facing page) is interesting, 
the selection of pitches is quite limited, 
and power capacity in all of the types 
is substantially less than for gears 
Each of these drive systems has its 
own special limitations on minimum 
pulley size, maximum load at low 
speed, and maximum speed at light 
load, as listed previously. 


Load, speed and noise 


High loads and high speeds are in 
compatible in these instrument drive 
systems. Maximum speeds at light 
loads can be high for spur gears, lim- 
ited only by precision, and other fac 
tors such as noise and bearing per- 
formance. For Precision 1 gears (up 
to 0.001 in. total composite error) 
maximum speed recommended is 2000 
rpm; for Precision 2 (0.0005 in com- 
posite error) up to 5000 rpm; Preci- 
sion 3 (0.00025 in. composite error) 
up to 10,000 rpm. 

Increasing loads accelerate wear 
and backlash, sharply limiting speeds 
Unit loads on instrument gear teeth, 
lable IV, are therefore much lower 
than levels usual for power gearing 
where effective lubrication can be 
provided. 

Miniature chain drives are similarly 
limited to low speeds at high loads, 
or low loads at high speeds. Load 
capacity of the various types of chain 
drives vary considerably. For minia- 
ture silent and roller chain the maxi- 
mum tension load is about 20 Ib, bead 


Table IV—Maximum Static Loads 
Instrument Gears with 0.500 PD 





Pitch No. Stainless Aluminum 
120 15 8 
96 19 10 
72 39 21 
64 42 23 
48 52 28 
Source Armac Gears 
55 


Phenolic 





/nsuloted 


Counter support 


TIMING BELT with idler drives counter in step with 
angular rotation of micrometer screw in the Carson Dice 
Electronic Micrometer. Electronic sensing circuit stops 
drive at instant micrometer tip contacts work. 


Micrometer —»& 
SCréw 


Size-limiting Factors for 


TABLE! =~Parallel-shaft Drives 





SMALLEST GEAR 
OR PULLEY 
TEETH PITCH DIA. 


PITCH 


SYSTEM PITCH NO. | DISTANCE 





Spur Gears 


Min pitch 200 0.090 


0.0157 





0.816 0.260 


Timing Belt 40 





Plastic Chain | 25 0.125 0.320 





Bead Chain 


Min (3/32 dia balls) 0.400 


0.117 





Wire Chain 


Min pitch 0.146 0.483 





Roller Chain 0.148 0.431 





Silent Chain 0.188 0.665 





Fiat Belt 0.016 thick 0.375 





V-belt 4% wide 0.500 





Round Belt % dia 0.750 

















taste! Stock instrument gears 





—_— 


Pitch No. 48 64 72 96 120 





Pitch distance 0.0654 0.0491 0.0436 0.0327 0.0262 





_— of tooth 0.048 0,036 0.033 0.025 


chain ranges from 5 lb for the small- 
est pitch to 30 Ib for the largest. Wire 
chain will handle 5 to 10 Ib tension 
at low speeds, depending on pitch and 
material. 

Tension members in belt drives— 
flat, V-belt or timing belts—are strong 
enough to carry loads nearly as high 
as chain drives. A ¥%-in. V-belt or a 
%-in. wide timing belt or flat belt 
can handle 10 to 12 Ib tension with 
no stretch. Again, ratings drop with 
increasing speeds; but at light loads, 
maximum speeds are the highest ob- 
tainable by any system. 

Metal to metal impact in spur gears 
and roller chain drives produces noise 
and wear at high speeds, limiting their 
maximum speeds. 

Noise in spur gears is reduced by 
meshing a metal pinion with a plastic 
gear. Silent chain reduces chordal 
variation, permits higher quiet speeds 
than obtainable with roller chain. 

Because of limited area of contact 
at tension points in bead and wire 
chain, wear considerations limit speeds 
to values low enough that noise is 
seldom a factor. Flat and round belts 
and V-belts are the quietest of all the 
drives at high speeds, but timing belts 








{ 10-12 
A) 18-21 





10-12 10-12, 
oats a RES. 








1/8-3/16 3/32-3/16 


1/8-1/4 1/8-1/4 1/8-1/4 





1/8-3/16 1/8-3/16 1/8-3/16 1/16-1/8 


1/16-3/32 








Stock gears are also available in 40, 80 and 200 pitch 
from most sources. 
These data were drawn from current catalogs supplied 


by: 
Armac Gears, 4401 N. Ravenswood, Chicago 40 
Boston 1 > Works, Quincy niet 

rl 


Dynamic Gear Co Inc, Amit 
oT Design Corp, 477 Ati rp hmhery gy NY 


U. S. Gear Corp, 81 bay State Ra, 
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Sprocket—_| 


Contro/ —_ 
element 


7 tout 


ROLLER CHAIN combined with x in. aircraft cable 
keep two widely spaced right-angle shafts in synchronism. 


tend to develop some noise at their 
highest speeds. 


Environment 


Service conditions under which most 
instrument drives operate will seldom 
offer serious problems; however, in- 
strument performance often puts a 
high premium on maintaining surfaces 
in their initial state. Gears are usu- 





EDITOR’S NOTE—Gearing offers a 
high level of precision in ratio, but 
inherent errors become significant as 
precision is pushed to extreme limits. 
The following series of articles present 
differing points of view among experts 
on specifying precision in fine-pitch 
gearing, concluding with publication 
of a new AGMA “manual” for classi- 
fying quality. 

Specifying Precision in Spur Gears, 
Nov ’56, p 135—Analytical and func- 
tional methods: over-pin, block gaging, 
vernier and AGMA; conversion meth- 
ods, limitations of AGMA system. 

Tolerances for Over-pin Measure- 
ments, May °57, p 194—How to con- 
vert AGMA specifications for stand- 
ard backlash and tooth errors to tol- 
erances for over-pin measurements. 
Seven Rules Simplify Instrument 

Gear Specifications, Nov 25 °57, p 80 
—The problem of specifying too 
many requirements, as the gear maker 
sees it. 
| Angular Accuracy in Precision 
| Gear Trains, June 8 °57, p 70—Four 


equations predict errors caused by 


ally stainless with surfaces passivated 
after machining, or aluminum ano- 
dized before cutting, Plastic gears re- 
quire no protection for usual instru- 
ment service, but changes in humidity 
or temperature may affect pitch diam- 
eter. 

Roller and silent chain drives for 
instrument service are made of stain- 
less steel, and in addition have the 


eccentricity, wobble, profile and pitch 
errors; dominant error is eccentricity. 

New Standards for Gears, Dec 22 
*58, p 46—Proposal for series of 15 
classes exponentially separated to 
cover the entire field of gearing; based 
on total composite error. 

Workable Approach to Gear Toler- 
ances, May 25 °59, p 52——Counter 
proposal from a gear manufacturer 
calls for fewer classes; offers new 
tables that give shaft-center tolerances 
for each class. 

18 Ways to Control Backlash in 
Gearing, Oct 26 '59, p 71—A variety 
of antibacklash methods, with a tech- 
nical analysis or blacklash. 

Errors in Gears, Aug 15 
60, p 56—Seven factors contributing 
to angular errors; formulas simplify- 
ing estimates of total error. 

New Equations Simplifying Pin 
Measurement of Gears, Mar 13 61, 
p 80—Formulas for over-pin or be- 
tween-pin measurements, leading to a 
quick, easily checked answer. 

New AGMA Classification System 
for Gears, July 10 '61, p 68—Back- 


~~ -- 
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tems as alternatives to linkages and 


equations for identical pairs for ratios 


Saati | 


=~ —- a + ——__-_—___-~- 


Continuous loop of 


qualified bead chain Sprocket 


hdicotor dial 





sprockets 


BEAD CHAIN has flex- 
ibility in any direction. 


protection of a lubricant. Bead chain 
and wire chain are both available in 
stainless steel, but ordinarily are run 
with no lubricant. 

Materials used in belt drives are 
inert to most corrosive environments 
found in instrument and control appli- 
cations, but they are sensitive to ele- 
vated temperatures. Loss of strength 
with increasing temperature is a limi- 


lash specifications in five steps for 
fine-pitch spur and helical gears, com- 
bined in a “quality number” in a new 
AGMA manual. 


Several other articles have discussed 
design problems in instrument gears 
and gear drives that have application 
in this field: 

Special Gearing Devices, Mar 30 
59, p 64 and Apr 13, p 78—24 un- 
usual but practical gear arrangements, 
most of them instrument drives. 

High-ratio Gearing—the Harmonic 
Drive, Feb 8 °60, p 47—Compact 
high-torque high-reduction system de- 
veloped for power level gearing but 
applicable to instrument drives; com- 
pared with four other systems. 

Design Guide for Noncircular Gears, 
Mar 14 ’60, p 59—Five different sys- 


cams; with design calculations. 
Elliptical Gears for Cyclic Speed 
Variations, Mar 28 ’60, p 68—Design 





up to 5; example worked out for a 
specific ratio. —R W Carson 








ELECTRON BEAM WELDER just 
announced by Hamilton Standard Div, 
required an adjustable-speed drive to 
move work under welding beam at 
smooth and precise rates, free of 
backlash—in a high vacuum and sub- 
ject to impingement of high intensity 
radiant energy. Organic materials and 
lubricants had to be avoided to pre- 
vent “out-gassing” under the high 
vacuum. A metal drive was needed 
that could run without lubrication. 

After considering all types—roller, 
bead and wire chain—Link-Belt ,',-in. 
pitch silent chain was selected for the 
drives inside the vacuum chamber; for 
convenience, the same chain was used 
outside the chamber also. 

Drive into the chamber is a % in. 
dia rod sealed with a synthetic rubber 
lip-type packing. A flat belt drive 
links the chain drive to the motor 
reducer mounted under the chamber. 





tation in most plastic materials 
whether gears, chain or belts, and must 
be considered if the service tempera- 
ture is expected to exceed 150F. 


Relative cost 


Performance characteristics rather 
than cost will dominate the choice of 
a drive in most instances. Where the 
high accuracy of gears or silent chain 
is needed, the drive will be expensive, 
and cost will go up with increasing 
demands for accuracy. 

Cost of the drive will, of course, 
include the drive members, bearings 
and supports and the cost of holding 
close tolerances on center distance, un- 
less idlers or shoes can be used. 

In belt and chain drives, availability 
of stock sprockets or pulleys may be a 
larger cost factor than cost of the 
drive member. Wire belt drives can 
use low-cost stamped sprockets; bead 
chain requires pulleys with machined 
spherical sockets matching bead di- 
ameter; silent and roller chain re- 
quire sprockets machined with an ac- 
curacy comparable to commercial 
gears. The available plastic chain 
drive uses inexpensive molded stock 
sprockets and molded chain links 
(separable at each joint) that make the 
cost very reasonable. 

In belt drives, pulley design is a 
large factor in cost of the drive. Flat 
belts require flanged pulleys with a 
small crown to provide latitude in 
alignment. Stock pulleys are not avail- 
able but machining costs are nominal. 
Pulleys for ¥% in. round belts are stock 
items, or relatively inexpensive to 
machine. V-belt pulleys in the % in. 


58 


size must be made to order; sheave 
angle is 34 deg. Timing belt pulleys 
are also made to order with costs 
comparable to commercial gears of 
similar size. 


Flexibility in alignment 


Gears must be precisely and rigidly 
aligned, and requirements for silent 
chain, roller chain and timing belts 
are almost as demanding. This applies 
both on parallelism of shafts and axial 
position of pulley, sprocket or gear on 
the shaft. 

Several of the drives discussed here 
have considerable axial flexibility 
in the drive element, and can have sub- 
stantial misalignment both in paral- 
lelism of shafts and in alignment. 
Bead chain has unlimited freedom 
since each bead in effect includes a 
universal joint. These drives can 


change direction without limitation 
and can couple shafts at wide angles; 
pulley design offers wide latitude in 


alignment. Sliding shoes as idlers, 
often used with other types of chain, 
present a wear problem on bead chain 
because of point contact with the 
beads; grooved pulleys are essential as 
idlers. 

Wire chain links also offer a sub- 
stantial degree of rotational freedom. 
Links wrap around sprockets equally 
well in either direction, and right angle 
drives are possible on fairly close 
centers. 

Round belts and V-belts offer al- 
most the same degree of freedom as 
bead chain but with considerable stiff- 
ness, requiring relatively high tension. 
For reprint of above article, just check 
635 on one of the Reader Service 
cards found in this issue. 
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Non-peaking pressures simplify 


Impulse tests for hose 


Hydraulic surge-pressure tests may be run with 
or without overshoot peaks, but the non-peaking 
tests are simpler and give as much information. 


ELROY E SCHOCK, manager, Product Testing Laboratories, The Gates Rubber Company 


EPETITIVE IMPULSE tests of 

hydraulic hose can simulate sys- 
tem operating conditions more closely 
than ordinary static burst tests. Usu- 
ally a hose will fail at a lower pres- 
sure if the pressure is applied repeti- 
tively, and nearly all hydraulic 
applications involve some sort of surg- 
ing and cycling. 

Static burst pressures tend to be 
more constant and predictable, but 
this is partly because they are less 
affected by minor hose imperfections 
and damage. For example, an im- 
properly installed coupling might hold 
during a static burst test but fail dur- 
ing the first few cycles of an impulse 
test. Thus, a repeated impulse test 
helps evaluate the whole coupling and 
hose assembly and not just the hose 
alone. 

Two types of impulse tests may be 
used: peaking, where overshoot of the 
pressure surge is specified and con- 
trolled within given limits; and non- 
peaking, where overshoot is not 
allowed and the pulse pattern is trape- 
zoidal. The peaking variety (defined 
in military specification MIL-H-8788A 
and adapted for some commercial hose 
applications) simulates the transient 
overshoot found in some actual sys- 
tems. The non-peaking impulse tests 
(to be described here) neglect such 
transients, but the tests are easier to 
run in your lab, are more repro- 
ducible from test to test on different 
equipment, and the resulting data are 
equally useful. The tests can help 
evaluate hose samples or predict life 
of any given hose. 

Recommended test setup—the one 
used to get the peaking and non-peak- 
ing data for this article—is shown in 


the schematic on page 62. The test 
fluid selected was 75% aircraft hy- 
draulic fluid (MIL-0-5606) and 25% 
aircraft engine oil, grade 100; but any 
common hydraulic fluid will do. Fluid 
temperature was held at approximately 
110 F. Pressure readings were re- 
corded on an oscillograph, and the 
traces are reproduced on next page. 


Hydraulic hose tested 


All test data given here are for 
'4-in.-dia synthetic rubber hydraulic 
hose reinforced with a single braid of 
steel wire and protected with a syn- 
thetic rubber cover. Commercial 


designation is SAE-100 R1. The hose 
couplings are permanent-crimp type. 
Photograph below is of a_ typical 
Y2-in.-dia hose. Upper view is the 
hose end with a crimp-type fitting at- 
tached; lower view is a center-section 
cutaway showing inner hose (tube), 
reinforcing wire braid, a light mesh of 
organic fiber, and the outer cover. All 
layers are bonded together. Outer di- 
ameter of cover is about i in. 
Synthetic hose of this design is very 
common because it meets the typical 
requirements of moderate to high pres- 
sures (to 2000 psi for 2-in. size) and 
normal temperatures (to 200 F), and 


Hydraulic hose with crimp-type coupling. 
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Peaking vs non-peaking performance 


Pressure, psi 


M/L - test 


Simplitied 
fon-peoking test 
(basic pottern) 


Peaking test has two or three 
sharp overpressure spikes. 
Non-peaking test is approxi- 
mately trapezoidal and sim- 
pler to run. The pressure rises 
quickly to the sustained level 
where it stays constant for 40 
to 60% of the total cycle. 





psi 


Pressure 


5050 psi 


guivolent /eve/ 


EQUIVALENT 
NON-PEAKING PRESSURE 
(approx) 


OVERPEAK 
PRESSURE 
(3500 SUSTAINED) 





4700 
5050 


3980 
4100 





Equivalent non-peaking test 
exists for each peaking test, 
and the results are just as use- 
ful for comparing hose and 
predicting cycles-to-failure. 





psi 


Pressure 


% overshoot 


PERCENT 
OVERSHOOT 
(3500 SUSTAINED) 
none 
34 (to 4700) 
44 (to 5050) 


AVERAGE CYCLES 
TO FAILURE 
36,630 
14,320 
10,860 








Overshoot in peaking tests has 
a direct effect on cycles-to- 
failure. In these tests (all at 
3500 psi sustained pressure) 
the reduction in life is almost 
linear with percent overshoot. 





psi 


Pressure 


Basic non- peaking 
fest 


Time —» (each division approx. '/2 sec.) 


has resistance to pressure surges and 
the deteriorating effects of oil. The 
200-F ambient is not normally en- 
countered, however. All data in this 
article are for 110 F and life is sub- 
stantially longer. For temperatures up 


60 


SUSTAINED 
PRESSURE 


—_—_——__—_—_—_ +4 


3500 
5000 


AVERAGE CYCLES 
TO FAILURE 


30,000 
1270 
64 
12 





to 275 F there are special hose 
materials. If temperatures over 275 F 
are expected, then metal hose or 
swivel fittings may be the answer (See 
Editor’s Note on page 62. 

All tests are destructive, that is, 


Increasing the sustained-pres- 
sure level has a greater effect 
on life than does an equal 
variation in peaking pressure 
(overshoot). Apparently time 
“on pressure” is more signi- 
ficant than values of transient 
peaks in previous charts. 


carried to failure. (A hose has failed 
when it can no longer carry fluid under 
pressure). There are three broad types 
of failure: Bursting, where a hole is 
blown through the body of the hose; 
Tube Failure, where fluid is forced 
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Effects of cycling and rate 


Pressure, psi 


FREQUENCY 
CYCLES/MIN 
10 
34 
54 


— 








/0 (basic test) 


Cycles/minute: 
34 


AVERAGE CYCLES TIM 
PRESSURE”, HR 


TO FAILURE 


Increasing the cycling fre- 
quency improves life measured 
‘in cycles-to-failure, but total 
life in hours is less. There is 
no apparent correlation be- 
tween time on pressure and 
cycles-to-failure. (Graph is 
composite of actual oscillo- 
graph traces modified to have 
same time scale, and overlayed 
for comparison. Each divi- 
sion is about % sec and the 
cycle time is measured from 
the initial application of pres- 
sure to the corresponding point 





24.7 
10.3 
10.2 


29,700 
41,170 
61,340 





on the next cycle.) 





TIME TO 


Rate of pressure rise has little 
or no effect on cycles-to- 


sic test REACH SUS- 
TAINED PRESSURE 


psi 


AVERAGE CYCLES 
TO FAILURE 





0.02 
0.41 
1.88 


Pressure 


32,290 
29,560 
37,880 





failure and there seems to be 
no direct correlation. Note 
that rise is not linear (it varies 
with the square root of time) 
and must be expressed in units 
of total time of change. 





AVERAGE RATE 
OF DROP 
PSi/SEC 


psi 


| 
| 


AVERAGE CYCLES 
TO FAILURE 





instant. 
38,000 
3,000 


/nstonf 


Pressure 


38,000 
(basic test) 


Time —» (each division approx. % sec.) 





50,060 
44,210 
52,600 


Rate of pressure drop has little 
or no effect on cycles-to- 
failure, and there is no appar- 
ent correlation. The drop is 
normally linear enough to be 
expressed as a “rate of drop” 
and is so expressed in the 
table headings at left. 


through pores or imperfections in the 
tube (the wire braid is not affected); 
and Coupling Blow-off, normally oc- 
curing at the bond or joint between 
hose and coupling. A large proportion 
of the test failures will be by bursting 


or tube leakage; some coupling failures 
will also occur. 

Test pressure patterns (both non- 
peaking and peaking) are drawn to 
scale in the simulated oscillograph 
traces on these two pages. The hose 
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rated pressure of 2000 psi is purposely 
exceeded to shorten the test period; 
at 3500 psi a complete test can be run 
in two days. 

Note that the non-peaking test pat- 
tern is roughly trapezoidal and not 





“bi - “A 5 

Pen. TY len: ae We 
id SSrtah Sa 
‘+7 im - 


i ¥ mast toad 


‘Air- bleed valves 





“a et ta on eR 








Chipeta BT way 


4-4 














ae 


Upper. manifold 








Hoses being tested 
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Pressure relief valve 
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Positive-displacement pump 








IMPULSE TEST for hydraulic hose is 
basically simple: positive-displacement 
pump with preset relief valve establishes 
pressure level; pilot-operated valve ini- 
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Air-load piston-type accumulator 


Oi/ reservoir 


tiates pressure surge; accumulator helps 
to build up pressure quickly and smooths 
out pulsations of pump. Typical test ma- 
chine shows instrumentation. 


perfectly square—it is thus much sim- 
pler to produce on ordinary testing 
equipment. Accidental peaking is not 
a problem because the rate of pressure 
rise is not normally large enough to 
cause overshoot beyond the desired 
sustained pressure level. 


EDITOR’S NOTE: Performance of 
metal hose, swivel fittings and rigid 
piping are covered in these previous 
PE articles: 

Which Hose in High-pressure Sys- 
tems, Feb 20 °61, p 70—Synthetic 
rubber, fluorocarbon plastic (Teflon) 
and metal hose are compared on the 
bases of temperature, pressure and 
other performance criteria. Practical 
max pressure is 3000 psi for each of 
the types discussed. Temperature limit 
is 275 F for synthetic rubber, 450 F 
for Teflon, and 1000 F for metal hose. 
Peaking pressures (150% of base pres- 
sure) are withstood best by the syn- 
thetic rubber types because they can 
absorb shock best. 

How to Avoid Metal-hose Failures, 
July 25 ’60, p 43—Author details all 
known causes of failure, including 
pressure, mechanical, metallurgical, 
and chemical, and tells how to over- 
come them. Detailed photographs of 
actual failures are clues to what 
caused the failure. Author points out 
that special hose designs can withstand 
temperatures to 2000 F or pressures 
to 30,000 psi. One type (multiple-ply) 
can withstand surge pressures of 200,- 
000 psi/sec up to peaks of 4500 psi. 
Given are recommendations for pulse 
and shock service. 

Standards for Metal Hose, Apr 11 
60, p 62—Has comprehensive new 
standards that help define working 
limits and design features for inter- 
locked and corrugated types of metal 
hose. Given are ways to calculate burst 
pressure and correct it for tempera- 
ture, shock, and end-fitting design. 
These standards have been recom- 
mended to the ASME Pressure-piping 
committee. 

Metal Hose, Nov 11, ’57, p 87— 
Concisely defines metal hose and other 
terms, summarizes selection problems, 
and gives maximum pressure limits 
and minimum bend radii for typical 
types. 

Swivel Fittings, Aug 4 °58, p 40, 
Dec 8 °58, p 58, and Dec 22 ’58, p 
67—This series of articles compares 
swivel joints with metal and synthetic 
hose, then goes on to give a complete 
selection and design procedure for 
using swivel fittings, including prefer- 
red number of joints, pressure, tem- 
perature, and resistance to flow. 

—F D Yeaple 
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Lure of “inner space” spurs 


Deep-sub design 


Several companies join search for materials 
and techniques suitable for underwater forays. 


DORA K MERRIS, assistant editor 


ESPITE recent advances in ocea- 

nography and geophysics, the 
deep waters of the ocean by and large 
remain an enigma to scientists. Little 
precise data are available on the tem- 
perature, currents and other physical 
characteristics at the bottom of the 
sea, and little is known about the bio- 
logical life. This region is also be- 
lieved to harbor materials of commer- 
cial value, particularly minerals, whose 
deposits may well be richer than those 
found on land. 

Chief obstacle to exploration and 
exploitation of this region is lack of 
a mobile vehicle that can carry ob- 
servers to the bottom for direct obser- 
vations. Bathyspheres have probed to 
36,000 ft, but, once on bottom, they 
cannot move about. The lure of “in- 
ner space” has prompted several com- 
panies to undertake studies of mate- 
rials and designs for self-propelled 
deep-diving craft strong enough to 
withstand the enormous pressures sev- 
eral thousand feet below the surface, 
yet light enough to surface once their 
mission is complete. 


THE SEAPUP VI (left) and Alumi- 
naut (right) are representative designs 
of a growing underwater research fleet. 
Seapup is outstanding for its low weight- 
in-air—12,000 1b, including batteries, 
lifting fluid and all standard equipment— 


Aerojet-General, for one, is study- 
ing the feasibility of a vessel spun from 
fibers of glass similar to rocket engine 
cases. And Battelle Memorial Insti- 
tute is working on a process for 
welding titanium alloys suitable for 
submarine hulls. Battelle engineers 
reportedly have produced crack-free 
welds in 120,000-psi, 2-in.-thick alloy 
plates. Previously, %-in. titanium 
plates were the thickest welded. 

A craft that can hover and maneu- 
ver at 6000 ft has been announced by 
General Mills. Known as the Seapup 
VI, it’s a little less than 19 ft long 
and 8 ft wide, and travels at 4 knots 
with sixteen 12-v batteries. The sea- 
pup VI carries two ski-type skids, an 
electromechanical manipulating arm, 
and is equipped with TV and sonar. It 
can accommodate a two-man crew 
and 200-lb payload on a scientific ex- 
pedition more than a mile beneath 
ocean surface. 

One of the most ambitious of the 
projects is an aluminum submarine de- 
signed by Reynolds Metals and now 
being built by Electric Boat Div of 


and its compact size. Aluminaut is no- 
table in its use of aluminum alloy. It will 
be constructed of 11 cylinders, bolted to- 
gether, internally stiffened, and closed 
at the ends with forged aluminum hemi- 
spheres. During an underwater mission, 
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General Dynamics. It will be able to 
plunge 15,000 ft below surface and 
travel for about 80 miles along the 
bottom. Its depth capability will open 
up about 60% of the ocean bottom to 
direct exploration. 

The craft, known as the Aluminaut, 
will be constructed of 11 aluminum 
cylinders, 7 ft dia, with 6-in.-thick 
walls. It will be about 50 ft long. 
These proportions were chosen to de- 
crease buoyancy: as the craft gets 
longer, buoyancy increases faster than 
structural weight. 

For propulsion, the craft will have 
four 77-cell silver zinc storage batter- 
ies, each delivering 32,500 amp-hours. 
These batteries will take up some 30% 
of the sub’s internal space. Vertical 
propulsion will come from a single 
propeller at top, driven by a 5-hp dc 
motor; horizontal propulsion from twin 
screws at the sides also driven by a 
5-hp de motor. The Aluminaut will be 
able to cruise at 3.8 knots and stay 
submerged for 72 hours, though nor- 
mal dive duration is 30 hours. 

The Aluminaut must be towed or 
carried to a diving spot by a mother 
ship. When launched, it sinks to the 
depth where its weight and buoyancy 
are in equilibrium. To drop further to 
the bottom of the sea, it takes on 
water ballast. To return to the surface, 
the craft jettisons cast iron shot. It can 
reach the surface from 15,000 ft in 
about 20 minutes, though a normal 
trip is expected to last about 1% hour. 

On research expeditions, the Alu- 
minaut will carry a pilot and two 
scientific observers. The scientists will 
have a variety of equipment at their 
disposal including TV, lights, a sonar 
sounding system capable of 600-ft 
range, 2-way radio, and various me- 
chanical arms. end 


pressure of the sea pushing against the 
ends (9000 psi at 15,000 ft) helps clasp 
the cylinders together. The cylinders are 
being forged from cast blocks of 60,000- 
psi alloy. Aluminaut is to be leased to 
Woods Hole Oceanographic Institute. 
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Assemble sheetmetal with 


These eight sheetmetal parts join sheetmetal 
quickly with the simplest of tools, few screws or bolts. 


L KASPER, design consultant, Philadelphia 


SQUEEZE CLIP holds two overlapping 
sheets together. The ends of the clip are 
pushed through parallel slots, then bent 
over much like a staple. 





ESS supports shelf between uprights. By 
mating with notched edge it acts as a key 
to keep shelf from sliding back and forth. 
and provides positive location. 


ALIGNING PIECE slides up out of the 
way in long slot while butting sheets are 
being positioned. Afterwards it slips down 
over lower sheet. 





CUP carries a bar on both sides of divider. 
Here bars stick up above the top, but 
deeper cutout will lower them until they 
are flush or sunk. 
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8 interlocking fasteners 





BRACKETS provide instantly mobile rack 
space for boxes, To install or remove, 
squeeze sides together and push hooked 
ends through slots. 





CLAW holds top sheet between two end 
pieces. Tail snaps into slot, then claw is 
hammered over edge. With notched edge, 
top is even with sides. 











FLANGE HOLDER does double duty by 
holding up shelves on both sides of a parti- 
tion. Angular corners allow it to fit through 
small slit when tilted. 


BAR clamps divider in place, Extruded 
holes provide a recess for screws so that 
they stay flush with upper surface of hori- 
zontal sheet. 





Now in production 


Fiber optics grows up 


Once only a laboratory curiosity, these remarkable 
image pipes are now emerging as commercially 
available hardware, ready to adapt to your design. 


CHARLES J] LYNCH, associate editor 


(© anyone who has observed light 

being conducted along the curves 
of a bent plastic rod, an “image pipe” 
may not seem very unusual. It is, after 
all, just a bundle of tiny light-conduc- 
tors strung up so that the light and 
dark areas of the image are conveyed 
from one end of a bundle to the other. 
But image pipes—or fiberscopes, as 
they are commonly called—are more 
than a mere demonstration of light 
transmission. That they can be made 
at all is surprising; that they are now 
available in limited quantities as off- 
the-shelf hardware is an achievement 
rivaling the development of the mass- 
produced transistor and the two-dollar 
wristwatch. 

To appreciate the unique character 
of a fiber optics device, lay a fused 
plate of short fibers over a printed 
page. Even when the plate is nearly 
4% in. thick, the letters stand out sharp 
and clear on its upper surface as if 
printed there by some magic copying 
process. Nor is it necessary to gaze 
straight down through the plate as you 
would have to do with a piece of ordi- 
nary glass. The image is clear even 
when the line of sight is nearly paral- 
lel with the plate’s upper surface. 

But the usefulness of fiber optics 
is more than simply the ability to 
transfer an image from one surface to 
another—more even than bending an 
image through a complex path of 
curves and kinks, as in the fiberscope. 
Tapered bundles will magnify or re- 
duce an image. Scrambled bundles 
take an image apart and put it back 
together for coding and decoding. 
Image dissectors and shape trans- 
ducers transform an image of one 
shape into an image of another, more 
useful shape. 
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That all of this took some techno- 
logical doing is evident from the his- 
tory of the device. Early patents go 
back as far as 1927, underscoring the 
observation that the idea, though ad- 
mittedly ingenious, is a somewhat 
obvious application of what has been 
known about transparent solids (and 
certain liquids) for some time. Not 
until 1954 was there a serious attempt 
to exploit it. Even then, the methods 
were crude and the devices erratic in 
their behavior. Now, after nearly 7 
years of intensive study and research, 
commercially acceptable devices are 
just reaching the market. 

There are still problems to be 
solved. Evidence of this is reflected in 
the price—generally something over 
$1000 for a fiberscope several feet 
long with an image-carrying bundle 
less than % in. square. The biggest 
problem lies in finding an economical 
means to assemble bundles so that 
fibers at one end are in the same rela- 
tive position as those at the other end. 
Such bundles are called “coherent” 
bundles and, at the moment, this fiber- 
stringing job is a tedious task done al- 
most entirely by hand. The second 
problem is finding an inexpensive ma- 
terial that transmits light freely and is 
easy to work with. As one fiber-optics 
specialist puts it, “Remember, when 
you look through a 12-foot fiberscope, 
you are effectively looking through a 
block of transparent material 12 feet 
thick!” 

The favored material for fibers is 
high-quality optical glass. It is suf- 
ficiently transparent to transmit a 
clear image, and it is also strong and 
flexible. Unlike the acrylic plastics 
used in the first fiber devices, glass is 

text continued, page 68 
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Soon to be available “off-the-shelf” 
are these three fiberscopes manufactured 
by American Optical Co. Eyepieces and 
objective lenses are supplied to meet cus- 
tomer’s requirements. Largest scope 
shown has 0.4-in.-square aperture, is 
about 6 ft long. Average price: $1500 
each, including lenses. Two other man- 
ufacturers are now also prepared to sup- 
ply similar devices in limited quantities. 
Bausch & Lomb is offering a 3-ft fiber- 
scope with 3 16 in. aperture intended 
principally for user tests and experi- 
mental work. Price is $300 including 
lenses. Optics Technology of Belmont 
Calif, sells a 2-ft fiberscope with “%4 in 
aperture and 50 micron fibers for $700. 


Image quality depends chiefly on size 
of fiber. The black spots are broken 
fibers; dark material between fibers is 
epoxy resin holding ends of bundle to- 
gether. Eventually, fiberscopes may have 
fused ends, eliminating the undesirable 
epoxy, but this is not possible with pres- 
ent assembly techniques. Photo shows 
the image on the face of a %-in. fiber- 
scope with 50 micron fibers, here mag- 
nified about 25 times. 
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not easily scratched or abraded by 
neighboring fibers. 

But these are not simply fine fila- 
ments of glass. There’s more to it 
than that. To understand how fibers 
are made, and why they’re made that 
way, let’s look for a moment at the 
optical mechanism that makes these 
image pipes possible. 

A fiber conducts light by a process 
known as total internal reflection. A 
ray of light is bent when it crosses the 
boundary between materials that have 
different indices of refraction. If the 
angle of approach is large enough (as 
measured from a line perpendicular to 
the surface) and if the difference in 
index of refraction is great, the ray 
will be bent back into the medium 
from whence it came. This is the 
same mechanism that makes prisms 
unusually good reflectors and gives 
diamonds their exceptional brilliance. 
A ray entering the material is actually 
trapped, bouncing from one surface 
to another until it meets a surface at 
less than the critical angle, whereupon 
it escapes. In a fiber, rays entering 
one end are obliged to travel its full 
length before meeting such a surface. 
This is true, however, only if the fiber 
has an index of refraction significantly 
higher than that of the surrounding 
air. 

Such materials are not difficult to 
find. Glass has an index of about 1.5 
or better (where air is 1.0) and acrylic 
plastics are generally in the 1.4 range. 
Most transparent materials, even 
water, will work as light conductors. 

Simple strands of glass would be 
sufficient if each strand in the bundle 
were surrounded by a thick blanket of 
air. But in a fiberscope the fibers are 
packed close together (at the ends, 
at least) and with no air blanket, rays 
that would normally bounce from the 
inside wall of the fiber pass through 
the wall into the adjacent fiber. To 
prevent this, fibers are made in two 
layers: a core of glass with high index 
of refraction and a glass jacket having 
a low index of refraction. The jacket 
also serves as a protective coating, 
guarding the reflecting boundary from 
scratches and foreign material. 

The different indices of refraction 
of jacket and core are responsible for 
making the image appear as if printed 
on the end of the bundle. The phe- 
nomenon is explained this way: Be- 
cause of the geometry of a fiber, rays 
can enter the end at very large angles 
without exceeding the critical angle at 
the internal wall. At the remote end, 
light escapes at roughly the same large 
angle. This permits the image to be 
seen from any position, providing the 
line of sight does not exceed the maxi- 


Sina =NA 








Index of refraction = 1.75 


/ndex of retraction = 152 








Light rays bounce off internal walls 
and rattle down the fiber because of 
difference between indices of refraction of 
fiber core and its jacket. Entrance angle a 
of steepest trapped ray is fiber’s numeri- 


mum exit angle. At larger angles, the 
end of the bundle appears black. 

With careful choice of core and 
jacket materials, this angle of accept- 
ance can be made very large. ‘ine 
relation between the sine of the maxi- 
mum angle, called the numerical aper- 
ture, and the indices of refraction for 
the two materials is given by the 
formula 

N.A. = Vad — n? 

where n, is the index of refraction for 
the core and n; is that for the jacket. 
As an example, some typical glasses 
give 


or an angle of about 60°. It is possible 
to combine jacket and core materials 
that have a theoretical angle of 90°; 
however, because geometry is not al- 
ways perfect, actual entrance and exit 
angles will be slightly less than this. 
Clad fibers are made by pulling 
them from the softened end of a glass 
rod that is surrounded by a close- 
fitting glass tube. Glass workers gen- 
erally start with rod-and-tube combi- 
nation about 1 in. dia and draw this 
out to a clad fiber less than 0.001 in. 
Details of the assembly job are 
shrouded in secrecy and manufactur- 
ers are understandably reluctant to 
talk about their methods because they 
lie so close to the heart of the busi- 
ness. But this much is known: Coher- 
ent bundles are made by winding the 
fiber on a large drum as they are 
drawn from the softened stock. The 
bundle is then either built up on the 
drum (a process causing outer fibers 
te be longer than inner ones) or re- 


cal aperture; rays entering at too steep 
an angle (dashed line) pass on through 
jacket without being reflected. Fibers 
can be made with entrance angles of 
nearly 90° with proper choice of glass. 


moved from the drum in layers and 
assembled a layer at a time. In either 
case, the bundle has a square cross- 
section. Fused plates are made by 
stacking cut fibers and pressing them 
together under heat. Because plates 
are fused, they have properties simi- 
lar to a solid piece of glass. The ends 
of flexible fiber bundles, on the other 
hand, are generally held together with 
an epoxy resin. Future fiberscopes 
may have fused ends. The epoxy is 
undesirable because it shows up as 
black spots in the image and because 
it is less resistant to high temperatures 
and certain fluids than the glass itself. 

When fibers are bundled together in 
random fashion the result is a flexible 
light pipe or “incoherent” bundle. 
These are much easier to make and are 
therefore much less expensive than 
coherent bundles of the same dimen- 
sions. An incoherent bundle is useful 
for bending light around corners and 
piping it into inaccessible areas. It 
has several advantages over an in- 
candescent lamp on a flexible cord. 
First, the light is cold; the end of the 
bundle forms an intense source with- 
out the heat associated with an incan- 
descent lamp. Second, the light can 
be much more brilliant, for its size. 
than light from an incandescent lamp. 
Because of these features, a light pipe 
is an excellent light source for the re- 
mote end of a fiberscope. Used this 
way, the incoherent fibers are usually 
grouped in an annular ring around 
the coherent bundle. Light travels 
down the outer fibers, reflects from the 
object being viewed, and then back up 
the coherent fibers. 
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Sending and receiving TV signals 
via fiber optics is now possible with these 
pickup and readout tubes. The cathode- 
ray tube at left has a fused fiber plate in- 
set into the face for recording sharp-con- 
trast images by contact photography. 


Incoherent bundles are currently 
available in lengths to 25 feet and 
diameters up to % inch (unlike co- 
herent bundles, incoherent bundles 
generally have a round cross-section). 
Prices depend on dimensions and the 
kind of glass. For example, one manu- 
facturer now offers a %4-in. bundle. 
24 in. long, which he has pegged at 
$95. Another will supply “%-in. bun- 
dies, 24 in. long, for about $15. 


Engineering data 


As in the early days of transistors, 
the science of fiber optics is still too 
young to have collected much in the 


way of reliable engineering data. 
Manufacturers can quote precise op- 
tical and physical properties for a 
single device, but guaranteeing those 
properties for production quantities is 
something else again. And, too, there 
are differences among manufacturers 
—what one will make almost rou- 
tinely, another can make only at pro- 
hibitive prices—if at all. At the mo- 
ment, this much can be said: 

Available sizes are limited to bundles 
with aperatures no larger than % in. 
square and lengths no more than 15 
ft; fused fiber plates (usually about 
% in. thick) are limited to diameters 
less than 5 in. (though one manufac- 
turer offers 10-in. plates on special 
order). These limitations are chiefly a 
matter of economics. You can have a 
fiberscope with a 1-in.-square aper- 
ture, (if only by combining four 
%-in. fiberscopes) but it isn’t likely 
that you'll be willing to pay the price. 
There is one theoretical limitation as 
well: The longer the fibers, the greater 


Fiber-optics faceplates in image-orthicon 
camera tubes at right permit the tube to 
be used with resolution-boosting, fiber- 
optics, shape transducers. Two ticklish 
problems made development of the image 
orthicons difficult: the high temperatures 


the transmission loss. Even the highest 
quality optical glass can’t be expected 
to transmit light with 100% efficiency 
and if there are strains in the glass, 
microscopic cracks or bubbles, light 
will leak out and scatter into adjacent 
fibers. In a 20-ft fiberscope, for ex- 
ample, this scattering (plus light lost 
by absorption in the glass) sharply re- 
duces contrast of the remote image. 
Prices vary in proportion with the 
amount of glass and—to a larger ex- 
tent than would be expected—with 
the manufacturer. They range from 
$50 per in.* and up . . . mostly up. The 
average plate or bundle runs in the 
neighborhood of $200 and $400 per 
in.” The dollar-per-cubic-inch figures 
(common for order-of-magnitude esti- 
mates in the industry) reflect not only 
the cost of the glass, but also the cost 
of fabrication; assembly problems be- 
come knottier the more glass you use, 
whether it’s for achieving greater aper- 
tures or longer bundles. As a rough 
idea of the present prices, here are 
quotes from several manufacturers. 
Fiberscope: ,*,-in. aperture, 39 in. 
long, 15 micron fi- 
bers 
including lenses 
Fiberscope: “%-in. aperture, 2 ft 
long, 50 micron fi- 
bers 
Fused fiber plate: 5-in. dia, % in. 
thick, 10 mi- 
cron fibers. 
$1500 
Fused fiber plate: % x 8 in., % 
in. thick, 10 
micron fibers 
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needed to seal the fused plate to the tube 
envelope and the specialized glasses of 
the fiber, which poisoned phosphor coat- 
ing on the back of the fiber plate. Both 
problems were recently solved by RCA, 
who built all three of the tubes above. 


Price also depends on the kind of 
glass. One manufacturer, for exam- 
ple, supplies a fused fiber plate, 2 in. 
square and ‘Ye in. thick, in three nu- 
merical apertures: 0.75, 0.85, and 
0.95. Prices range from $380 for the 
0.75 to $1540 for the 0.95. Though 
prices will come down eventually, the 
best we can hope for, according to in- 
dustry experts, is a 50% reduction in 
the next two years. This will come by 
devising less expensive assembly meth- 
ods and, perhaps, cheaper materials. 
Plastic fibers, for example, have been 
studiously ignored since the first fiber- 
scopes but some scientists believe that 
with new developments in this field, 
plastics deserve another look. 
Resolution, as would be expected, is a 
function of fiber diameter. The 
smaller the fiber, the greater the reso- 
lution. To resolve a pair of parallel 
lines requires at least one fiber be- 
tween lines. Hence, minimum spacing 
of resolved elements is equal to fiber 
diameter. Fibers with diameters as 
small as 5 microns (0.0002 in.) are 
presently available. This is considered 
to be near the lower limit. There are 
two reasons: First, fibers with diam- 
eters equal tu a wavelength of light no 
longer conduct light by the usual re- 
flection mechanism but act more like 
a waveguide. This causes light to 
leak from one fiber to the next and 
generates undesirable interference pat- 
terns. The second problem arises be- 
cause the coating on each fiber, re- 
gardiess of diameter, must have a 
certain minimum thickness. With ex- 
tremely small fibers, this coating oc- 
cupies an increasingly large portion 
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_— /mage Orthican comera tube 


Shape transducer can be made (on special order) in variety of con- 
figurations. Two common ones are shown above. The line-to-raster 
transducer breaks a long narrow image into pieces, reassembles it in form 
of rectangle. Its usual purpose: to increase resolution of a TV camera 
tube. A similar transducer must be used on the receiving end to get the 
picture elements back together again. The line-to-circle transducer 
(below) permits scanning of a line without oscillation. The sketch shows 
proposed arrangement for scanning the image of a spectroscope. 





of the cross-sectional area, eventually 
defeating the purpose of the small 
fibers. 

But extremely small fibers probably 
won’t be necessary as manufacturers 
develop methods for producing bigger 
plates and bundles with larger aper- 
tures. Even with present size limita- 
tion, the 10-micron fibers are con- 
sidered adequate for most jobs. (The 
dots that form the photographs on 
these pages, for example, are 0.008 in. 
apart, corresponding to a bundle of 
200-micron fibers.) 


Spectral response is the same as that 
for optical glass. This covers all of 
the visible spectrum (4000 to 8000 
Angstroms) and a good portion of the 
infrared (to about 25,000 A). Special 
glasses (arsenic trisulfide, quartz, silver 
chloride) will extend this even further. 
Manufacturers are now able to guar- 
antee transmission to nearly 60,000 A. 
But short wavelengths are still a prob- 
lem. Very few materials will trans- 
mit light in the ultraviolet region; most 
cut off sharply at about 3600 A. 


Mechanical properties are also much 
the same as optical glass. But there 
are differences, strangely enough. 
What is true for a single strand of 
glass, whose properties can be quoted 
accurately from published data, may 
not be true for a multitude of strands 
bundled together. For example, a 
single fiber is extremely flexible, can 
be stressed an infinite number of times 
in bending without fatigue damage. 
But if one end of a fiberscope is vi- 
brated through a small angle, many 
fibers will probably break. 

Vibration limits and recommended 
bend radii have not yet been estab- 
lished. Moreover, it is not yet certain 
what effect, if any, abrasion between 
fibers has on strength and transmis- 
sion qualities. The temporary answer 
has been to lubricate fibers with a 
solid lubricant and to pack them in 
a sheath whose minimum bend radius 
is not sharp enough to damage the 
bundle. Sheaths are usually a metal 
bellows surrounded by a stainless steel 
braid—a construction similar to that 
of high-pressure hydraulic hose. 

Other environmental problems are 
less severe. Allowable operating tem- 
peratures range from cryogenic levels 
(fiberscopes have probed tanks of 
liquid hydrogen at —418 F) to about 
800 F. This assumes that the end of a 
fiberscope bundle, which is potted in 
an epoxy resin, is not exposed. Fiber 
plates are fused with heat and, for all 
practical purposes, can be treated as a 
single plate of glass. Temperature 
limitations are somewhat more critical 
for special glasses—arsenic trisulfide, 





for example, melts at about 600 F 
and softens at about 430° F. 


Some applications 


The unique properties of these 
fibers, both in long bundles and in 
fused plates, has aroused the imagi- 
nation of many an engineer. Proposed 
applications have been both practical 
and fanciful. Here is a sampling: 

@ Optical probes for a variety of 

heretofore “impossible” jobs. First to 
spot the potential was the medical pro- 
fession. Small fiberscopes probe blood 
vessels, heart, stomach and other or- 
gans. More recently, a miniature probe 
in the shape of a hypodermic needle 
was developed for viewing muscle 
fiber, skin tissue, blood cells. Larger 
industrial fiberscopes inspect the in- 
side of tanks, reactor vessels, boiler 
tubes, gun bores and similar inacces- 
sible recesses. 
e Fused fiber faceplates for cathode 
ray tubes. These permit direct record- 
ing of an image by contact photog- 
raphy. In the past, it was necessary 
to photograph the face of the tube 
through a complicated (and expensive) 
system of lenses because light from 
the phosphor scatters as it passes 
through the tube face. Even with the 
lenses, much of the light was lost. 
With phosphor deposited on the back 
of the fiber plate, light passes directly 
through the fibers, resulting in a light 
gain of 30 to 50 times over previous 
methods and eliminating the costly 
lenses. 

®@ Magnification and demagnifica- 
tion. This can be achieved with a 
tapered-fiber bundle. Ratios as large 
as 50 to 1 are possible. But at the 
moment these are mostly curiosities. 
They are easy enough to make: simply 
heat a bundle and pull. The problem 
arises in trying to make two alike. 
Tapered bundles are not offered by 
any manufacturer, except on special 
order. 

e Coders and decoders. Potentially, 
fiber optics offer an excellent means 
for scrambfing the elements of any 
image and putting them back together 
again. Transmitting an image through 
a scrambled bundle takes it apart; 
passing it back through the same bun- 
dle puts it back together again. At 
one time there was talk of using this 
trick to scramble TV pictures for 
pay-TV transmission. But the size of 
the needed bundle makes this imprac- 
tical at the moment. A more practical 
application is the encoding and decod- 
ing of signatures to prevent forgery in 
banking. As with magnifiers, the 
problem of making two identical de- 
coders is difficult. Engineers of Amer- 
ical Optical Co, who developed the 


signature scramblers, have found one 
solution and have made as many as 
25 scrambled bundles, all to the same 
code. 

© Optical scanners. Because fiber 
bundles transmit each element of an 
image as a separate piece of informa- 
tion, they are ideal for rearranging 
the elements to form a more useful 
configuration. For example, a line-to- 
circle converter offers a convenient 
way to scan a spectroscope image at 
high speed. The spectroscope output 
is focused on the line end of the 
bundle while a rotating pickup scans 
the circle end. This eliminates all 
oscillating parts in the pickup. Or a 
1-line flying-spot scanner can be made 
by aiming rotating spot of light at the 
circle end and mounting the device to 
be scanned at the line end. Flyback 
time is reduced to a minimum. In 
some such devices, the light source is 
the end of a small bundle of unaligned 
fibers, which rotates around the circle. 

® Resolution boosters. These are 
another version of the shape trans- 
ducer. Principal application is in aerial 
mapping. The fiber bundle converts 
the image of a long, narrow strip of 
ground, as seen from the air, to a 


Tapered fibers bundled together make 
a demagnifier or, when inverted, a mag- 
nifier. Ratios as great as 50:1 are pos- 
sible. This one magnifies about 5 times. 
Such devices are mostly curiosities but 
can be supplied on special order. 
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square image the size of the face of 
the camera tube. In this way, an 
image that would have appeared only 
as a small strip on the camera tube, 
if focused by conventional lenses, is 
made to cover the face of the tube, 
thereby increasing resolution. At the 
receiving end, the image on the kine- 
scope is played back through a similar 
bundle and the pieces put together 
strip by strip. 

e Field flattener for optical instru- 
ments. This is simply a fused fiber 
plate which is flat on one side and 
curved on the other. The curve cor- 
rects for the curved image formed by 
a lens (and even the best lenses give 
a slightly curved image surface). 
Thus, the field flattener keeps the en- 
tire field in focus. Plates can also be 
fashioned to correct lenses for pin- 
cushion distortion and barrel distor- 
tion (see “How to Design Simple 
Optical Systems,” Mar 13 ’61, p 65). 

® Color television system. This pro- 
posed application is far from practical 
but shows what could be done, given 
sufficient patience and money. The 
idea is to make a color television pic- 
ture by combining pictures from red, 
green and blue kinescopes via fiber 
optics. Every colored dot in the pic- 
ture would be fed by three fibers from 
three separate kinescopes. There is no 
doubt that it would work, but the job 
of stringing those individual strands 
boggles even the most deft fiberscope 
assembler. 

The science of fiber optics is mov- 
ing fast, and now that we’ve hurdled 
some of the production barriers, de- 
velopment can be expected to move 
along at an even faster clip. Many 
problems remain to be solved, but, 
encouraged by these preliminary re- 
sults, an increasing number of firms 
are providing development funds. With 
this added fuel to the fires of research, 
the solutions are probably not far 
away. 


For reprint of above article, just check 
636 on one of the Reader Service 
cards found in this issue. 


EDITOR’S NOTE: Further informa- 

tion about fiber optics, including avail- 

ability, price and feasibility of special 

applications may be obtained from 

these manufacturers: 

American Optical Co, Southbridge, 
Mass 

Bausch & Lomb Inc, Rochester 2, NY 

Mosaic Fabrications Inc, 205 Chapin 
St, Southbridge, Mass 

Optics Technology, 248 Harbor Blvd, 
Belmont, Calif 
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PRODUCT DESIGNS 





SUSPENSION is 4-wheel independent 
with adjustable torsion bars all around. 
Front suspension is essentially the wish- 
bone type; the rear is swinging arm. Front 
torsion bars run lengthwise, wheels swing 
in a tranverse plane and shock absorbers 
incline inward from the vertical. Every- 
thing changes in the back. Torsion bars 
run crosswise, wheels swing in a longitud- 
inal plane and the shock absorbers are 
horizontal to keep the rear deck flat. Be- 
cause the rear torsion bars are in front 
of one another, wheels are offset as well, 
resulting in two different wheel bases— 
96.2 in. on the right, 94.3 in. on the left. 


This car makes 


Designed for minimum maintenance, 
all its greased bearings as well as 
the radiator are sealed at factory. 


CONOMY IS meant to last longer 
than the purchase day with the 
Renault 4L automobile. The factory 
does the first and last grease job, fills 
and seals the radiator. When a fender 
or other body part is smashed, the new 
piece bolts on. 

Designers eliminated some grease 
points, sealed the rest. Thus, dry 
rubber bushings on the chassis side of 
the suspension and oil-soaked sintered 
bearings for the steering shaft take no 
grease. There are sealed ball or roller 
bearings on the wheels, water pump, 
belt tensioner and steering rack, and 
on the outside universals of the front- 
wheel drive. Plastic seals hold grease 
in the ball joints for the front suspen- 
sion and steering. Still another kind 











Lower arm 


of seal, a rubber boot, surrounds the 
inner U-joints of the front-wheel drive. 

Besides aiming for minimum mainte- 
nance, the 4L designers have also tried 
to make it a minimum car. There are 
no springs or padding in the seats. 
Like beach chairs, they have a cover- 
ing over a tubular frame. A glass- 
reinforced polyester dashboard and 
dispensing with window cranks further 
cut cost and hold weight to 1323 Ib. 

This light weight means it takes only 
26.4 SAE hp to push the car to its top 
speed of 68 mph. The 4-cyl in-line en- 
gine displaces 45 cu in. 

In addition to the 4L, Regie Na- 
tionale des Usines Renault, Billancourt, 
Seine, France, makes a 4 model which 
is less luxurious. 


Wishbone 


Adjusting 


Torsion ‘racket 


bor 
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the grease gun obsolete 





Shift tinkage FRONT-WHEEL DRIVE places trans- 

mission in front of engine. Renault 
Summer position engineers chose the simplest route for 
, the shift linkage—over the engine and 
Water positioa—— down the front of the radiator. To shift 
through three forward speeds and reverse 
the driver pushes, pulls and turns the bent 
end of the linkage rod. 

Rack-and-pinion steering also shows 
economy-minded design. Steering column 
has no housing and no universals. It is 
a piece of tubing which runs straight 
from the steering wheel to the steering 
box. There it couples to the pinion which 
drives the one-piece rack. 

The muffler mounts on the side wall 
of the engine compartment, away from 
water and road salt. Exhaust line acts 
as air heater for the carburetor during the 
winter. When warm weather comes the 
filter cover is swung around so that in- 
take sucks up cooler air. 


Steering 
gear 


Transmission 
Muffler 














Overflow tank 


Shock absorber Relief valve 


Adjusting 
bracket 


ge” ‘Torsion 
bors 








Shrouding 








COOLING SYSTEM contains antifreeze good to —33 F even 
in summer because factory fills it and hangs a lead seal from the 
radiator cap. The only way liquid can escape when it expands 
is into an overflow tank. After engine and liquid cool, the pres- 
sure built up in overflow tank forces liquid back to the radiator. 
If pressure rises to more than 8.5 psig or drops below —0.7 psig, 
a relief valve opens to the atmosphere. Some replenishing of the sys- 
tem would then, of course, be necessary before it could be resealed. 
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How to select an 


Industrial designer 


Look for ideas, maturity, breadth of experience— 
not just sketching ability. 


DON DAILEY, industrial designer, Evansville, Ind 


NGINEERS and industrial design- 

ers have much in common. Their 
interests and inclinations and even 
their training are similar in some re- 
spects. Furthermore, many industrial 
designers have engineering degrees or 
the equivalent in hard experience, and 
many engineers display excellent crea- 
tive and esthetic talents. Both groups 
are professional people applying aca- 
demic training and specific experiences 
to industrial situations for the purpose 
of improving things or conditions. The 
major difference lies in various hard- 
to-define attitudes. 

This being so, it is sometimes diffi- 
cult for an engineer to select an indus- 
trial designer. There is, perhaps, a 
tendency to overemphasize character- 
istics not already possessed by the en- 
gineer himself or his engineering staff. 
This can lead to a selection based on 
superficial qualifications. 

Believe it or not, the industrial de- 
signer’s ability to draw is not his prime 
reason for being. Similarly, it is im- 
portant but not essential that he have 
a greater-than-average concern with 
appearance and style through the 
proficient use of form, line, color, tex- 
ture, and functional fitness. Like the 
engineer's skill with the slide rule, such 
talents are the tools of a trade—not 
the trade itself. The designer must 
also have a way of developing and 
communicating his thoughts, but it is 
the quality and frequency of his 
thoughts that should be the basis for 
assessing his potential contribution. 

e Firstly, then, the most effective 
industrial designers are primarily idea 
men, and their most effective ideas 
generally stem from their preoccupa- 
tion with the needs, limitations and 
attitudes of the purchasers and users 
of manufactured products. 
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Remind yourself that you are hiring 
or retaining an industrial designer to 
compensate for the engineer’s inher- 
ent characteristic of being basic and 
fundamental. Avoid the designer who 
conforms to patterns or cliches—even 
the newest ones. 

@ Secondly, look for maturity. Re- 
member, an industrial designer is a 
professional person like yourself and 
his values and abilities are in ratio to 
the scope and quality of his training 
and breadth and depth of experience. 
This means life experience as well as 
work experience. But my use of the 
word “maturity” does not necessarily 
imply age. 

Neither is youthfulness necessarily 
the key. In fact, it can work inversely. 
Young people are often the greatest 
conformists in their eagerness to “be- 
long” or to prove themselves. In any 
creative endeavor older people are bet- 
ter able to resist conformity through 
confidence and breadth or experience. 
Much truly original engineering, 
architecture, writing, painting, music 
and design has stemmed from those 
whose confidence, born of experience 
and success, permits them the emo- 
tional freedom that generates true 
creativity. 

© Don’t insist on a designer with a 
wealth of experience in your particu- 
lar field. This may be valuable in an 
engineer but not necessarily in a de- 
signer. The capable designer will 
quickly absorb all the background 
he needs, relying on you and your 
people for guidance. He doesn’t 
have to know all that you know in 
order to do his job. In fact, he will do 
his work better if he maintains a cer- 
tain freedom from the details of your 
past and present attitudes and experi- 
ence, successes and failures. 


To put it another way, look for a 
man or an organization that is sym- 
pathetic with yours but not easily led. 
To do his best for you and the prod- 
uct, he may have to take exception to 
established viewpoints. If he doesn’t 
come up with some arguments occa- 
sionally, you either have a “picture 
maker” instead of a designer, or a 
“ves” man. 

e The industrial designer’s location, 
in relation to yours, may be an im- 
portant factor. Consult him on this. 
Many fine design results can be ac- 
complished with a minimum of visits 
by him and by you. The importance 
of proximity and frequency of con- 
tact depends on the nature of the 
product and the organization of the 
program. The designer’s particular 
location may aid him in gathering ex- 
periences on other product develop- 
ment situations and data on design 
factors that would never be available 
to you otherwise. 

e It may take some timé and many 
interviews to find the right man or 
organization. Some that you try will 
be great “word artists,” some will be 
salesmen representing not themselves, 
but an organization to whom their 
only duty and responsibility is as sales 
representative. Base your opinion on 
discussions with the man or men who 
will do—or directly supervise—your 
work. 

© Thoroughly inquire into past rec- 
ords of accomplishments; ask to see 
photos of finished products that were 
successfully produced and sold—and 
ask if you may contact the manufac- 
turers involved for reference. It is im- 
portant that you talk with (don’t just 
write) such references. Question ma- 
terial that indicates strictly academic 
or imaginary assignments. Remember, 
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it is easier to design appealing mer- 
chandise for an instructor than to 
solve a live product problem for a 
manufacturer. 

The above is especially important 
because of the relative youth of the 
field of industrial design. Keep in 
mind that there are, as yet, no regu- 
lations or penalties to keep anyone 
from using this title, or implying ex- 
perience and reliability where none 
exists. 

Professional groups such as the 
American Society of Industrial De- 
signers (ASID) and the Industrial De- 
signers Institute (IDI) are trying to 
establish controls, but itis a long and 
difficult task (just as it was in the early 
days of other professions). 

In the meantime, a designer’s mem- 
bership in a_ professional society 
should be considered as one possible 
indication of his qualifications. You 
can also check with the societies to 
which the designers you are consider- 
ing belong. Find out what the society 
stands for, and ask to see its roster of 
members. You should be able to de- 


termine an individual designer’s length 
of membership. Organizations of in- 
dustrial designers have codes of ethics 
and certain membership requirements. 
These may be of significance to your 
situation, so check them. Incidentally, 


there are many fine designers who be- 
long to no organization. 

© You would not shop for engineer- 
ing services purely on a dollars-and- 
cents basis and you should not do this 
with industrial design either. Some 
fees will sound exceptionally high in 
comparison to others, but it is total 
cost and results that count. 

Although all types of situations ex- 
ist, the designer’s contribution can 
generally be more lasting and gener- 
ally beneficial if it is a continuing one, 
based on a retainer arrangement. This 
is because he becomes more thoroughly 
aware of the company’s products, 
plans and personnel. Individual as- 
signments that are concluded when the 
designer submits his final design pro- 
posals and specifications sometimes 
fall short of success because he is not 
around to follow the execution of the 
design through manufacturing and its 
other labor pains. Capable industrial 
designers can render useful assistance 
with manufacturing engineering and 
purchasing complications. 

Industrial designers can also be 
hired on a full-time basis. It matters 
less whether the designer is an “in- 
side” or “outside” man than that he 
can communicate on various levels 
and areas and is aware of broad corpo- 
rate interests. It is top management’s 
responsibility to see that either the 
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DON DAILEY, ASID 


Nationally active in the field of industrial design for 20 
years, Don Dailey was among the first 20 to join the 
American Society of Industrial Designers, is a member 
of its board of directors, and is chairman of the commit- 
tee rewriting its Code of Practice. Dailey won the IDI 
award for Most Outstanding Product Design of the Year 
(1953), Design in Hardwoods Annual Award (1958), 
PRODUCT ENGINEERING’s Master Design Award 
(1959), and the Western Electric Show and Conference 
Award of Merit (1960). 





consultant or company-employed de- 
signer is permitted to operate on 
effective levels and channels. 

e A seasoned and reliable designer 
will stipulate in writing exactly what 
he intends to accomplish, how and 
where it will be done, and when you 
can expect preliminary and final re- 
sults. Be sure the man you select 
agrees to this, as it is a strong indi- 
cation that he is the reliable and or- 
ganized professional you need. 

Having been around designers for 
25 years in just about every possible 
capacity, I feel particularly qualified 
to offer this last bit of advice: 


© Look for the designer who wants 
to solve problems—not one who sub- 
consciously is showing off to other de- 
signers. I’ve observed this tendency 
far too frequently. These designers 
seem to operate on the basis that 
manufacturers exist to produce designs 
that other designers will acclaim. They 
seem more aware of their colleagues 
than of the product’s eventual buyer- 
user. True customer-oriented objec- 
tivity is the hallmark of the most de- 
sirable industrial designer, backed up 
by a sound working familiarity with 
those factors that are the most influen- 
tial in the marketplace. end 
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Rolling, walking vehicles 


Designed for traction 


Engineering studies show how balloon 


wheels, cleat tracks, screw threads, articulated 


legs can move vehicles over most soils. 


OBODY say for sure what 

the surface of the moon is like. 
But companies anxious to get a share 
of the space business aren’t waiting 
for samples to begin design of vehicles 
that will go on early missions. 

These designs are not entirely in 
the dark. The experts say that several 
assumptions can be made about the 
moon’s surface with a high probability 
of accuracy. The materials making 
up its surface are probably similar to 
those on earth and the moon has no 
water, so a plastic clay-like soil is un- 
likely. 

On the basis of such considerations, 
the Land Mobility Lab of General 
Motors Defense Systems Div predicts 
that the soils on the moon will have 
traction and load bearing character- 
istics ranging between those of wheat 
flour and packed dry beach sand. Un- 
der direction of M. G. Bekker, the 
GM people have come up with tenta- 
tive conclusions about various trac- 
tion systems for vehicles of various 
sizes and capabilities in these soils. 

The GM studies, as described at the 
recent American Rocket Society meet- 
ing in New York, rule out use of a 
rigid wheel under almost any con- 
ceivable moon conditions. But a soft 
wheel (deflection equal to 30% of 
tire width) will prove superior to a 
track under most conditions, they say. 
The drawbar pull for a vehicle weigh- 
ing 300 lb on the moon will be about 
equal for a 40-in.-dia wheel or 40-in. 
tracks. Because of the moon’s low 
gravity there is not much advantage 
to larger wheels, even in very soft 
soils. For wheels and tracks smaller 
than 40 in., the track sometimes has 
considerable advantages. 

Bekker has also evaluated the feas- 
ibility of jumping or walking ma- 
chines. These, he reasons, will require 
such complex servo systems that they 
cannot be seriously considered unless 
the moon surface is hard and rocky. 
Under such conditions a jumping 
multilegged vehicle might attain 
speeds beyond competing designs. 


Meanwhile, Space-General Corp 
has designed a very slow walking de- 
vice small enough to fit a rocket in- 
strument package. As described by 
John D. McKenney to the ARS, it 
will weigh about 135 lb on earth (six 
times its moon weight) and will move 
up to 3 mph. The walker will be con- 
trolled from éarth by a TV image 
flashed back from the moon. Because 
transmission takes 24% sec, the walk- 
er’s speed is purposely kept slow. 

Space-General chose legs in pref- 
erence to wheels because its studies 
indicate that efficiency losses resulting 
from deformation of the ground are 
less with legs than rigid wheels (they 
predict inflated wheels will deteriorate 
under moon conditions). Energy loss 
per step is constant, McKenney says, 
and by making the step large, unit de- 
formation for a given distance can be 
kept low. The ratio of compaction 
drag to vehicle weight in soft sandy 
soil has been held to 1%. 

Loss of efficiency also occurs with 
internal friction. A walking vehicle 
has more moving parts than a wheel, 
hence more joints where losses can 
occur. Only limited angular displace- 
ments occur at many of the joints; and 
flexures can hold these losses to a low 
value. Rolling and sliding friction in 
cam drive assemblies can be kept 
small by a hermetically sealed drive 
unit, which then operates in an ideal 
environment with the appropriate 
lubricant for its operation. end 


Walking moon-vehicle developed 
by Space-General Corp (top) has 6 legs, 
of which 3 must rest on the ground at 
all times for stability. Its bank of solar 
cells at top generate electricity for pro- 
pulsion and operating its TV and articu- 
lated arm. Other proposed configurations 
for lunar locomotion include soft wheel, 
track and screw (direction of the latter 
is controlled by varying speed of the 
individual screws). The three small 
models shown here are in a test sand bin 
at GM’s Defense Systems Div. 





When a 37-lb generator converts heat directly to electricity... 
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When a 37-lb generator 
converts heat 
directly to electricity... 


that’s Alcoa Total Ability at work! 


The metal structure in the picture at the left is 13 
in. square and weighs 37 lb. It has no moving parts. 
Yet it will generate a steady 50 watts of electricity 
for years with no maintenance. 

It's a Westinghouse thermoelectric generator 
being tested by El Paso Natural Gas Co. in a remote 
area of New Mexico. Its power is used for cathodic 
protection of underground gas well casings. 

A gas flame burns in the core of the generator 
at 800°F. To convert the flame’s energy into elec- 
tricity requires a temperature differential of 580°F 
be maintained between the “hot” and “cold” ends 
of semiconductors less than an inch long. Only a 
highly efficient heat sink could do the job in this 
sweltering desert. Alcoa® Aluminum, with its re- 
markable heat-dissipating properties, was found to 
be the most economical answer. 

With Alcoa’s help in alloy selection, black- 





anodizing and brazing techniques, Westinghouse 
engineers fabricated the finned heat sink for this 
prototype model from sheet. In production models, 
the heat sink will be extruded and the generator 
“core,” which encases the gas flame, will be formed 
in an impact press from Alcoa powder-metallurgy 
alloys. 

Chances are Alcoa can help you make savings 
and short cuts in your electrical manufacturing. We 
operate the world’s most extensive light-metals 
research and development facilities. We are the only 
basic producer fabricating aluminum by every 
practical method. We have no axe to grind for any 
particular process. Alcoa Total Ability will help 
you select the right alloys and the most economical 
methods. Simply call your nearest Alcoa sales office, 
or write: Aluminum Company of America, 857-X 
Alcoa Building, Pittsburgh 19, Pa. 


ALCOA ALUMINUM 


ALUMINUM COMPANY OF AMERICA 





Your Firestone Technical Service Man shapes 


rubber compounds for everything... 


O) from 


@ electrical 
tapes 
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to molded shapes 


Need an electrical tape that won’t crack or curl in cold? Or 
molded “third rail’? guards to isolate high voltage? Your 
Firestone Technical Service Man can supply the answers— 
and he has solutions for thousands of other design problems 
involving rubber, too. He’ll create compounds that defy 
solvents, oils and acids, stand up to wear and abrasion longer 
and resist aging. Your Technical Service Man can engineer 
compounds that combine these and many other qualities, 
even devise rubber that replaces more expensive materials 
you may be using in your product now. And he can put 
Firestone’s fabricating facilities to work to carry the job 
through—in the volume you want, at a price to fit tight 
budgets. More information? Simply fill out and mail the 
coupon—without obligation, of course. 

Copyright 1961, The Firestone Tire & Rubber Company 


Firestone 


Rubber & Latex Products Company 


Fall River, Massachusetts 


<—CIRCLE 78 ON READER SERVICE CARD 


WITHOUT OBLIGATION, WE'D LIKE TO FIND 
OUT WHAT FIRESTONE’S TECHNICAL SERV- 
ICE MAN HAS TO OFFER US. 


FMR-FR15(3) 


Name and Title 
Company 


Product Manufactured 


Address 


FIRESTONE 
UBBER & LATEX City 
PRODUCTS CO. 


Box 2290, Fall River, Mass. 


State 
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NEW 


COMPONENTS 








C 7 Floating member 


(rivet) 





— fofation 
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Automatic centrifugal clutch .. . 
has a springing arrangement that re- 
duces operational failures caused by 
spring breakage. Four compression 
springs work in pairs, reacting against 
a common floating member, a rivet. 
If one spring breaks or compresses to 
solid height, rivet shifts slightly, allow- 
ing opposite spring to carry load with 
little change in engagement speed. 
Use of compression springs is said 
also to eliminate loop breakage, com- 
mon in extension springs. Extremely 
lightweight unit achieves its lugging 
ability from moderate camming ac- 
tion. Billed as suitable on gasoline 
engines with medium or heavy pulsat- 
ing loads, it is available to fit 3- and 
3'2-in. drums handling engine range 
of 1 to 10 hp. Engagement speeds are 
available from 800 to 4000 rpm, and 
unit can operate at speeds up to 
15,000 rpm. Can be used with pulley, 
sprocket or gear and can be made as 
self-contained, semi self-contained or 
coupling type. Priced from $1 to $2 
each, depending on model and quan- 
tity. Delivery on most models within 
several weeks. Advanced Develop- 
ment Corp, PO Box 29, Swathmore, 
Penna. 

Circle 300 on Reader Service Card 


Speed reducers ... 

use combination helical and worm 
gearing to add to efficiency of high- 
ratio worm gear reductions. Available 
with output shafts extending either up- 





| OD for 


| ward or downward. Both sets of gear- 


ing run in large-capacity common oil 
bath for effective cooling and lubrica- 
tion. 
use a dry well construction to avoid 
oil leakage. Helical gears, which are 
hobbed, crown shaved and flame 
hardened, withstand same momentary 
overload of 300% of rated load as 
worm gearings. Centrifugally cast 
bronze worm gears used in downward 
output shaft units are either solid or 
have rims welded to cast iron hubs. In 
upward output shaft types, worm 
gears are either centrifugally cast onto 
a cast iron hub that has a double row 
of lugs for mechanically keying bronze 
ring to hub or have flanged rims 
bolted to hub. Flame hardened alloy 
steel worms are cut integrally with 
their shafts. Aluminum or plastic 
cooling fans are mounted on high 
speed pinion to cool heavily fined cast 
iron housings. Ratios range from 35:1 
to 250:1. Ratings range from approx 
fractional to 60 hp. Output torque 
capacities run to 145,000 in.-lb 
Cleveland Worm & Gear Div, Eaton 
Mfg. Co, 3300 E 80th St, Cleveland 4. 

Circle 301 on Reader Service Card 


Fluid connector .. . 
is self-indexed to prevent cross-con- 
necting of fluid lines. Has multiple 
key-and-slot indexing that allows up 
to nine different index combinations in 
a given size. Pressure limits include 
3000 psi operating; 4500 psi proof; 
and 7500 psi burst. Operation is push- 
pull, connect-disconnect. Made of 
aluminum (stainless steel on request), 
connector is available in %4- through 
l-in. line sizes in Y%-in. increments. 
E B Wiggins Oil Tool Co, 3424 E 
Olympic Blvd, Los Angeles 23. 
Circle 302 on Reader Service Card 


Miniature shaft coupling . . . 

uses a metallic bellow as its flexible 
element. Said to couple two shafts in 
absolute unison without backlash or 
cyclic angular displacement during 
rotation. Available in two standard 
sizes. One, for 0.6-lb torque, is 


Downward output shaft units | 





0.700 in. long x 0.312 in. bellows | 


vs-, Ye- and ¥-in. shafts. 


Other, designed for 2-lb torque, is 1 
in. long x 0.500 in. bellows OD for 
¥e-, Ye-, Y-, and Y-in. shafts. Special 
metallic bellows couplings are avail- 
able for torques from 0.1 in.-gm to 
250 in.-oz; side thrust from 1 gm; 
coupling OD from 0.100 to 1 in; 
shaft sizes from 0.020 to 0.375 in. 
Guardian Industries Inc, Coupling 
Div, 1215 E 2nd St, Michigan City, 
Ind. 

Circle 303 on Reader Service Card 


Static magnetic switch .. . 
is rated at 40 w and functions at 600 
on-off cpm. Measuring only 2 x 2% x 
4 in., unit replaces single output re- 
lays in a variety of applications, in- 
cluding sorting, counting and packag- 
ing operations or sheet metal feed for 
stamping or pressing operations. Re- 
quired turn on time is 1 cycle; turn 
off time, 5 cycles. No external source 
of control power is required, and 
since pilot contacts need only 0.005 
amp, they can be micro switches or 
limit switches. Switch output is 0.4 
amp (resistive or inductive) at 100 v 
ac. From stock at $17 each in quan- 
tities of 1 to 9; $15 each in 10 to 49 
quantities; and $12 each for 50 or 
more units. Magnetics Inc, Butler, 
Penna. 

Circle 304 on Reader Service Card 


Miniature clutches . . . 
from stock, transmit up to 10 in.-Ib 
torque for coupling or through shaft 
applications (units up to 200 in.-lb 
available on special order). Providing 
a positive displacement drive, stock 
units operate up to 1800 rpm without 
lubrication, made possible by oil- 
impregnated sintered alloy construc- 
tion. May run at higher speeds when 
lubricated. Design consists of helical 
spring around both input and output- 
hubs. Stop collar is provided to im- 
plement positive coupling or decoupl- 
ing between spring and hubs. When 
continued, page 85 
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NEWS! 


KAYDON NOW REDUCES 
PRICES ANOTHER 
25% TO 42% FOR “CP” 
BALL RADIAL BEARINGS 


AVAILABLE “OFF-THE-SHELF” 


Low prices are also being quoted on 
many other ball and roller bearings 
...both standard (4” bore and larger) 
and special (2” bore and larger). 


You can now save on many of 
your current and future purchases 
of these bearings. 


Send your inquiry now! Write, wire, or call Kay- 
don, Muskegon, Michigan. Phone: PLaza 5-3741. 


K-619 


6 EE 


“MUSKEGON, MICHIGAN 


All types of ball and roller bearings — 2” inside diameter to 178” 
Roller Thrust * Roller Radial « Needle Roller ® Ball Redial « bat tae ° ie oil ot Ce met dle 
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LIGHTNESS 


THRIFT 


DESIGN 


... get them all with 3M Adhesives! 


The formulated talents of 3M Brand 
Adhesives can emphasize any one of 
a variety of fastening properties, de- 
pending upon which is crucial for the 
particular job at hand. But all offer 
the following advantages. . 


STRENGTH for example. SCOTCH- 
WELD® Brand Structural Adhesives 
create bonds that often are stronger 
than the materials joined! They dis- 
tribute stress loads uniformly, with 
flexibility that resists vibrational fa- 
tigue. Fastening holes are eliminated, 
material integrity is preserved, joints 
are sealed against corrosion. 

LIGHTNESS adds appeal! 3M Ad- 
hesives increase product appeal, save 
freight and handling costs, help take 
pounds off today’s metalworking prod- 
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ucts. They eliminate mechanical fas- 
teners, increase the strength of a light- 
weight assembly by distributing 
stresses evenly over a wide area. 


THRIFT is a bonus. Many operations 
are eliminated, e.g., hole-making, 
countersinking, heat treating. No bolt- 
ing, riveting, stapling, welding, braz- 
ing, sealing to do! 


DESIGN freedom: Parts are fewer, 
assemblies simpler, unions stronger, 
using 3M Adhesives. You have a wider 


choice of materials, because 3M Adhe- 
sives bond practically any kinds of ma- 
terials to themselves or other materials, 
e.g. aluminum, brass, ceramics, copper, 
glass, magnesium, permanent magnets, 
plastics, steel, stainless steel, wood. 


What sticky problem of design, produc- 
tion, or sales can these modern ad- 
hesives help you solve? Why not call 
in your nearest 3M Field Engineer for 
consultation? Or write: AC&S Divi- 
sion, 3M Company, Dept.SBS-101,St. 
Paul 6, Minn. 


“SCOTCH-WELD” is a Reg. T.M. of 3M Co. © 3M Co., 1961 


ADHESIVES, COATINGS AND SEALERS DIVISION R 


TMiImnesota (/Ininc ann ]/ANUFACTURING COMPANY (3M ) 


«+» WHERE RESEARCH IS THE KEY TO TOMORROW 
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‘Phiskon UREA...ENABLES IBM TO 
MOLD A NEW WAY TO WRITE 


eo The precision engineered typing ele- According to IBM, many materials were checked for 
‘omnes! ment of IBM’s new Selectric® car- impact strength, resistance to acids, shrinkage and 
if ‘ riageless typewriter is molded of adaptability to molding. Plaskon Urea was the choice: 
\ PLASKON® UREA. It was selected because it has the best combination of 
No bigger than a golf ball, this nickel-plated urea those properties required. 
sphere does the work of a basketful of type bars— Plastics Division offers complete research and tech- 
tilting and rotating at high speed as it selects and types nical assistance to help you with your design and 
the desired character or symbol. molding problems. 


PLASTICS DIVISION 
40 Rector Street, New York 6 N. Y. 


hemical 


BASIC TO AMERICA’S PROGRESS 
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[Toeee times actus Size) 


ew a grade 160 


ews) CDF grade 2450P 


wo grade 522 


three outstanding new laminates! 


High legibility letters, numbers or 
symbols can be stamped on this new 
warm punch, paper phenolic grade in 
the same die used for blanking and 
piercing! No separate operation is 
necessary . . . no registration prob- 
lems. Markings are permanent and in 
sharp contrast. Ideal for capacitor 
caps, terminal boards, panels, spacers, 
coil ends, socket bases. Meets NEMA 
X and XP requirements. 


Economical paper phenolic grade 
2450P can be punched warm and has 
improved mechanical strength and 
lower moisture absorption proper- 
ties. It is designed especially for 
mechanical and low voltage electrical 
insulation applications such as con- 
nector blocks, coil and bobbin ends, 
washers, plug and socket bases. Meets 
NEMA X and XP requirements. 


These are the newest materials of CDF research and 
engineering, developed to give you outstanding perform- 


ance at minimum cost. 


*Du Pont trademark 


Your inquiry is welcomed. 


Excellent wet electrical and other 
improved properties make this new 
copper-clad glass fabric Teflon* 
laminate ideal for radar insulation, 
missile antennas, critical computer 
applications. Circuits based on this 
grade will show minimum drift under 
varying temperature and humidity. 
Also available without copper for 
such uses as high frequency insula- 
tion in wave guides, 


CONTINENTAL-DIAMOND FIBRE 


CONTINENTAL-DIAMOND FIBRE CORPORATION, NEWARK, DELAWARE ¢ A SUBSIDIARY OF THE -favhf COMPANY 
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collar is released, spring grips hubs 
and connects drive to output. Engag- 
ing collar opens spring and disengages 
hubs. Both coupling and through 
shaft types are also available in three 
types of drive: single revolution, 
which permits stopping output hub 
at exactly same place when driven by 
a continuously rotating input shaft; 
start-stop, which permits engaging and 
disengaging clutch from a continu- 
ously rotating shaft; and over-running, 
which transmits torque in only one 
direction and acts as a free-wheeling 
device. Precision Specialties Inc, Pit- 
man, NJ. 

Circle 305 on Reader Service Card 


Flexible-shaft core .. . 
designed as a link for vehicle steering 
columns, deflects as much as 20° or 
more sideways, depending on length. 
This permits steering wheel to be 
pushed aside when driver enters ve- 
hicle and also serves as a safety device 
in event of a collision. Made of high- 
grade music wire in %- or %4-in. 
sizes. Latter has breaking strength of 
4600 in.-lb, more than double max 
load that can be put on a steering 
column. In large quantities, the % -in. 
size without fittings is priced at 
approx 70¢. Delivery in 2 to 3 wk. 
Stow Mfg Co, 443 State St, Bingham- 
ton, NY. 

Circle 306 on Reader Service Card 


Rotating shaft limit switch . . . 
designed to measure revolutions of a 
rotating drive shaft, comes in nine 
gear ratios from 20:1 to 1289:1. Cam 
adjustment can be performed with one 
hand, said to be useful for overhead 
mountings. Adjustment screw is 
spring loaded so that it is in a non- 
mesh position at all times except dur- 
continued, page 89 
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applications 
unlimited 


PENBERTHY 


, hardly a basic manufacturing or service industry 
that hasn’t a use for Penberthy Jet Pumps. And the list of 
OEM products embodying Jet Pump applications is virtually 
endless, too. Small wonder, for wherever there’s a fluid, 
vapor, gas or slurry handling job to be done . . . aerate, 
agitate, blend, circulate, dilute, exhaust, filter, heat, mix, 
pump or transfer . . . there you'll find an application for 
versatile Penberthy Jet Pumps. 


And consider the advantages . . . small in size, light in 
weight . . . construction and operation simplicity . . . low 
initial cost, low installation cost, little or no maintenance 
cost. And in many cases Penberthy Jet Pumps can be utilized 
where mechanical pumps are impractical or uneconomical. 


PENBERTHY MANUFACTURING COMPANY 


Division of Buffalo-Eclipse Corporation 
PROPHETSTOWN, ILLINOIS 
SALES OFFICE: 2660 E. GRAND BLVD., DETROIT 11, MICH. 


PENBERTHY FOR LIQUID LEVEL GAGE SETS, TOO 


Cit 


Dedicated to 
Quality Since 1886 
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WRITE OR CALL PENBERTHY TODAY FOR COMPLETE INFORMATION 





{coeres) PLASTIC DESIGN IDEAS 


SINGER sews up a case with plastic! 


To design their new portable sewing machine case, Singer Manufacturing Company needed a tough, lightweigh 
material. They chose a new Koppers high-impact plastic . .. DyLENE® 400 polystyrene. 

The case is exceptionally strong and weighs only five pounds! It’s as compact as a small piece of luggage 
easy to carry, easy to store, and it’s attractive. 

High-impact DYLENE polystyrene is strong, durable; it molds cleanly without sharp edges, eliminating costl 
secondary operations. It has a high surface gloss and smooth finish. DYLENE can take rough handling, it won’ 
chip or break. DYLENE comes in a wide range of permanent colors. 
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Eight-foot giant 


weighs only 23 pounds 


This towering store display, molded for 
Green Giant, is an absolute traffic-stop- 
per. Because it’s molded from lightweight 
Dy.ite® expandable polystyrene, this 
8-foot-high unit weighs only 23 pounds. 
Dy ITE is strong, easy to mold to almost 
any size or contour, and easy to decorate. 
It’s a natural for any molded part where 
three-dimensional detail is a must. The 
Green Giant was molded by Weber 
Plastics, Inc., Stevens Point, Wisconsin. 


Learn how Koppers family of fine plastics can improve your product at less cost. 
Contact Koppers Company, Inc., Plastics Division, Dept. 1413, Pittsburgh 19, Pa. 


Plastic gives portable TV 
strong case against heat 


Magnavox needed a high-impact, heat- 
resistant plastic for front and back pieces 
on their new 19” portables, so they chose 
specially developed Koppers polystyrene 
— Dy Lene” 800. This easy-to-mold plastic 
has exceptional strength, a heat distor- 
tion temperature of 195° F, and it meets 
all Underwriters Laboratory require- 
ments. It molds to all colors in a glossy 
finish. Parts molded by Superior Plastics, 
Chicago, and Alma Plastics, Alma, Mich. 


New spreader made from 
corrosion-proof plastic 


This new lightweight Seymour spreader 
can dispense weed killers, insecticides, 
fertilizers, ice melters and seed, yet it 
never corrodes. The hopper is molded 
from tough SuPER DyLan” high-density 
polyethylene. No need to worry if you 
drop it...it won’t break. This spreader 
won't leak or absorb odors, and it’s easy 
to keep clean. Spreader molded by Amos 
Molded Plastics, Edinburg, Ind. for Sey- 
mour Mfg. Co., Seymour, Indiana. 


KOPPERS PLASTICS a 
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CONVAIR ERECTOR-LAUNCHERS RELY ON POWERFUL 
PHILADELPHIA GEAR DRIVES 


Atlas ICBM in stored position. Arrow points to heavy duty Philadelphia Gear hoist drive, 
which quickly erects missile to launch position for skyward voyage. Erector-launcher 
designed and built by Convair (Astronautics) Division of General Dynamics Corporation. 


Atlas can now lie low till needed . . . 
new hoisting mechanism eliminates massive gantry towers 


The Air Force has equipped itself with a new missile hoist mechanism 
which is both speedy and powerful. These two requirements plus ultra- 
reliability have qualified Philadelphia Gear Drives for the moments- 
notice job of erecting Atlas to launch position. The “Big Punch” is now 
stored horizontally. These erector-launchers are now operational at Atlas 
ICBM complexes at Warren Air Force Base, Wyoming. 


The Philadelphia Gear Drive is a standard, all-steel, parallel shaft re- 
ducer. Qutput torque is 634,000 lb/inches at 742 rpm, on low speed 
shaft; 1,250,000 Ib/inches under emergency conditions; ratio—234:1. 
All units are load tested to 300% of normal rating. 


Standard Philadelphia heavy-duty drives are right at home in any appli- 
cation that demands an extra margin of reliability. Our engineering 
specialists in all kinds of power transmission problems have made sure 
Philadelphia Gear equipment has more than kept the pace to help 
America keep the peace. To see what can be done in gearing today, 
write for our catalog “Philadelphia Parallel Shaft Speed Reducers,” 
No. H-58. 





philadelphia gear drives 


MEMBER PHILADELPHIA GEAR CORPORATION 


King of Prussia (Suburban Philadelphia), Pennsylvania 
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ing adjustment. Expected to be used 
for stopping and starting overhead 
doors or hoists and on machine tools 
where rotary, instead of linear, motion 
must be sensed. Available with up to 
four snap-acting switches, each able 
to control a separate function, or all 
able to act simultaneously. General 
Electric Co, Schenectady 5, NY. 
Circle 307 on Reader Service Card 


Basic 1-in. poppet valve .. . 
also described as 2-way, in-line air 
control unit, is available either norm- 
ally open or normally closed for on- 
off control where air is used for proc- 
essing or for fluid power applications. 
Operates from vacuum to 200 psig 
and is supplied in %4-, l- and 1'%4-in. 
NPT port sizes. Includes removable 
and reversible seals, interchangeability 
and full cushioning of moving parts to 
prevent impact damage. Can be fitted 
with remote air, solenoid, momentary 
solenoid and time delay heads for 
delayed operation, delayed release or 
both. Hoffman Valves Inc, 2360 W 
Dorothy Lane, Dayton 39, Ohio. 
Circle 308 on Reader Service Card 


Epoxy sealed switch... 
is protected against moisture entering 
through its conduit. Wiring entrance 
is sealed with an epoxy potting com- 
pound (can also be had with normal 
gasketed openings). Furnished pre- 
wired with 6 ft of No 14 machine tool 
wire. Conduit threads are left un- 
blocked for normal conduit attach- 
ment. R B Denison Mfk Co, 386 
Broadway, Bedford, Ohio. 

Circle 309 on Reader Service Card 











" 
Multiple stage bearings . . . 
designed to carry large thrust loads 
where space is limited by bore and 
OD restrictions, lengthen bearing life 
by spreading load over increased num- 
ber of bearing components. Two-stage 
continued, page 93 
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with pressure sensitive backing 


SILICONE RUBBER 
HEATERS 


Light weight, flexible, only .050” thick. Teflon leads standard, 
other types on request. Can be rated at any wattage or voltage. 
Varied heat distribution pattern possible. They are water resistant 
and easily applied to any plane surface. 


For Literature, Send Coupon Below 


WATLOW 


ELECTRIC MANUFACTURING CO. 
12001 Lockland Rd./St. Louis 41, Mo. 


WATLOW ELECTRIC MFG. CO. 
Lg! Lockland Rd. 


R.R. 
St. Lovis 41, Missouri 


i oe | 
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General Electric Company’s Apparatus Service Shop in Detroit, Mich., uses Schrader 
air circuits to actuate and control this brazing machine. It enables one man to braze 120 
planet carrier gear assemblies for automotive transmissions in one hour. Double-acting 
cylinders, actuated by solenoid valves, lift the assembly into position within the coil for 
brazing the shaft to the gear, and lower it for water quench. JIC cylinders control the 
induction heating coil contacts. According to Frank A. Ross, the designer, Schrader’s Flow 
Control Valves close contacts so gently that they perform 750,000 cycles before needing 
replacement. In addition, air works successfully in a strong magnetic field, and the circuits, 
can be simple. 








TOUGH BRAZING JOB BECOMES A BREEZE... 
WITH SCHRADER AIR CIRCUITRY 


PROBLEM: Strong magnetic field . . . complex movement of sults. Their quality and versatility make them capable of 
parts .. . speed requirements . .. precise actuation of coil simplifying production . .. while speeding it up... at un- 
contacts. matched low cost. Are you failing to ultilize fully the air you 
SOLUTION: Simple Schrader air control of mass production already have? Follow this Detroit plant’s example. Examine 
operations. your production facilities with air in mind. Make many 
Schrader Air Products are designed to operate together in operations simpler and more efficient by applying any or 
varied combinations to produce practically unlimited re- all of the complete line of Schrader Air Control Products. 


This new Schrader FULL LINES OF QUALITY AIR CIRCUIT COMPONENTS « OFF-THE-SHELF SERVICE AND INFORMATION FROM YOUR 
pogee J aide NEARBY DISTRIBUTOR » STAFFED WITH AIR CIRCUIT EXPERTS * CONSULT YELLOW PAGES OR WRITE FOR HIS ADDRESS 
distributor, who is 
stocked with the 


complete range of | A. SCHRADER’S SON 
sizes and types of Division of Scovill Manufacturing Co., Inc. 


Schrader air cir- 477 Vanderbilt Ave., Brooklyn 38, N. Y. 
cultry products. Con- 


sult the Yellow Pages 
or write Schrader. 





on QUALITY AIR CONTROL PRODUCTS 
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WHasland Duran 


vinyl finish 

















On just about any product this built-in finish 
reduces manufacturing costs...boosts saleability 


SEND FOR SAMPLES TODAY 
Take the matter of costs. Since Masland Duran Clad is an integral 


finish, you can work with pre-finished parts. That means you can 
often do away with the need for baking and spraying. No new 
processing equipment needed, either. This colorful, handsomely 
designed vinyl can be permanently laminated to metal . . . and Please send information and samples of Clad. 
cut, crimped, drilled or deep drawn without distortion or marring. 
As for saleability .. . there isn’t anything that excels color-bright, 
easy-to-clean Clad for attracting immediate and favorable atten- Company 
tion to your product. For samples, mail this coupon. 


The Masland Duraleather Co., Dept. PE-J, 
Amber & Willard Sts., Philadelphia 34, Pa. 


Name Title 








Street 





Industrial Products Division 


THE MASLAND DURALEATHER CO., Dept. PE-J, Philadelphia 34, Pa. 
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Anaconda 
Strip-copper coils 
cut size and weight 


Strip-copper coils cut the size and weight of 
electrical equipment ranging from watt-hour 
meters using relatively small coils to pole- 
mounted distribution transformers rated up to 
500 Kva. In many instances operating char- 
acteristics can be improved as well. 


Anaconda is now supplying high-quality 
copper strip for such uses. The quality of the 
copper has been extended to the finish, the 
edge, the packaging and handling. It is de- 
burred, carefully packaged to prevent edge 
damage, and made available in a wide range of 
thicknesses and widths to satisfy all needs. 


Whatever your use of coils, whatever size 
and capacity you wind, Anaconda copper strip 
promises economies in size and weight. 


Technical Assistance in the application of 
Anaconda strip copper to your coil design 
problems is available from the Metallurgical 
Dept. Address: Anaconda American Brass Co., 
Waterbury 20, Conn. In Canada: Anaconda 
American Brass Ltd., New Toronto, Ontario. 


61-915 


JND# 


AMERICAN BRASS COMPANY 
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unit is 42 in. dia, weighs approx 5000 
Ib and has dynamic capacity of 4,810,- 
000 lb (based on 500 hr life at 33% 
rpm). First stage has capacity of 
2,500,000 Ib; second stage, 2,310,000 
lb. A designed third stage would add 
1,705,000 lb of capacity. Even dis- 
tribution of load between roller assem- 
blies is reportedly obtained by design 
of cantilevered plates and by corre- 
lated thickness and length of spacer 
sleeves. Stages can be added at any 
time to increase capacity. Rollway 
Bearing Co Inc, 541 Seymour St, Syra- 
cuse 4, NY. 

Circle 310 on Reader Service Card 


High-speed index table . . . 
reportedly has an accuracy of 0.001 
on a 28-in. dia. Handles loads of 24,- 
000 in.-lb and over and supports dial 
plate load of 18,000 Ib. Roller bear- 
ing near outside of dia of cam fol- 
lower plate is said to up stability. 
Shaft is hollow, enabling air, fluids, 
coolants or additional tooling to be 
brought directly to center of work 
area. Commercial Cam & Machine 
Co, 455 N Artesian Ave, Chicago 12. 
Circle 311 on Reader Service Card 


Key-operated rotary switch .. . 
from which key can be removed when 
in either on or off position, is avail- 
able with one or two wafers and two 
to 12 positions. Screw or %-in. 
spade terminals are securely anchored 
in base and protected by large arc 
barriers to reduce electrical creepage 
and permanently separate loose wire 
strands from adjacent leads. Equip- 
ped with 45 or 90° indexing, ac 
switch provides definite indexing 
continued, page 103 
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Beaver Ball Screws 

help Mahon save 85% 

in drilling holes in 
ridge beams, columns 


















































Close tolerance positioning of massive 114” capacity vertical and 
horizontal drill heads is accomplished with Beaver ground-thread 
ball screws in this new, numerically controlled drilling machine, 
first in the structural steel industry. 


Walter P. Hill, Inc., designed and built the machine 
for The R. C. Mahon Co., Structural Steel Division 


In addition to the important drilling cost savings, it offers repeat- 
ability in hole pattern accuracy within + .005” as compared with 
+ 4” by conventional methods and eliminates costly hole ream- 
ing in final assembly. 


If you are considering data control, Beaver ball screws will 
give you the power efficiency, positioning control and compact- 
ness you need. Our engineers will be glad to work with you 
just as they did, in this case, with the Walter P. Hill designers. 


‘ 
| / (7 Yeaver 
LL, eed ee jc LLL Drecision 

§ Droducts 


7 INC. 
e CLAWSON, MICH. 
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instead 


say TIMKEN 


J eee People who visit the Timken Company’s 
steel plants are sometimes surprised to 

see carbon steel tubing being made by 

the same careful practice used for alloy 


steels. Extra care in melting, careful 
conditioning of billets, all the special 
inspection methods that safeguard Timken® fine alloy steel also apply to our carbon steel tubing. 

That’s why Timken carbon steel tubing is better. And you pay nothing extra for it. In fact, 
you pay less because our precautions pay off in better uniformity and concentricity. You may 
be able to buy a lighter tube that will finish to your required dimensions. 

Next time you need carbon steel tubing, call the experts. Let the Timken Company’s Tube 
Engineering Service calculate the tube size which will give you the best value for your dollar. 
The Timken Roller Bearing Company, 

Steel and Tube Division, Canton 6, Ohio. 


Also manufacturers of Tapered Roller TIMKEN FINE STEEL 
Bearings and Removable Rock Bits. ALLOY 
TIMKEN ALLOY STEEL AND SEAMLESS STEEL TUBING ARE AVAILABLE FROM STEEL SERVICE CENTERS IN MORE THAN 40 CITIES IN THE UNITED STATES 
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Your turn 


-..-t0 participate in the current problems of our profession. 


Remember that sick feeling when a design fails? In most cases a long hard struggle 
will follow—but you can recoup pretty easily on underdesigned pin fastenings. 
If a spring-pin has been used, and it turns out that it has to take more shear stress 
than was counted on, press a second one 
into the center of the first. It takes up no 
more space and requires no additional 
machining. 

The spring pin is a hollow, cylindrical 
tube split down the side. When driven 
into a slighty smaller plain drilled hole, 
compression holds it firmly in place. 
Since the pin is hollow, a smaller-size 
pin can fit inside to add shear strength. 
Standard Pressed Steel Co has prepared 
the following table showing possible com- 
binations of pins and the resulting combined shear strength. It is interesting to 
note that, since suddenly applied loads do not always produce a dynamic load 
of twice the static load, the inner pin can often provide protection against shock. 

















Nominal Min double Nominal Min double Combination 
OD shear OD shear min double 
outer pin _ strength, Ib inner pin strength, lb shear strength, lb 





3 ,000 0.094 4,000 
5,700 0.125 7,800 
7,700 0.156 10,700 
11,500 0.187 15 ,900 
17 ,600 0.219 23 ,300 
25 ,800 0.312 37 ,300 





Drawing shells from flat, circular blanks involves what might be called the “cookie- 
cutter’s problem”: What should be the diameter of the blank for a shell having a 
given diameter and height? The advantages of a drawn shell are that it is seamless 
and usually has lower weight, greater strength and better appearance than machined, 
cast, forged or welded ones. In the draw- 
ing process a press stretches the flat blank 


over or into a die, producing a cup with 

a diameter 30 to 60% of the blank di- 

ameter. Subsequent deep drawing can 

stretch height to ten times cup diameter. d | f 
For the first draw, setting blank area 

equal to cup area gives this approximate H 


answer to the “cookie-cutter’s problem”: Blonk Shell « 
D = (¢ + 4h) 
F. Caplan, senior engineer with Kaiser 




















YOUR TURN continued 





Engineers, Oakland, Calif, has constructed a nomograph to solve the equation. 
Try this sample problem to see how it works. 

Problem: What should be the diameter of a blank for a drawn shell having a 
height of 6 in. and a diameter of 6.25 in.? 

Solution: Connect h = 6 on the left with d = 6.25 on the diagonal and find 
D = 13.75 on the right. 
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Last issue, in our continuing series on differential equations, we looked at some 
general solutions for higher-order, homogeneous equations. Now we’ll add another 
stage of complication and examine a few higher-order nonhomogeneous differ- 
ential equations. A nonhomogeneous differential equation, as you will remember 
from the first lesson in this series, is one that has a term (or terms) that is a 
function of x only lurking in its midst. Robert P Benedict, our part-time instructor 
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(his regular job is that of development engineer at the Westinghouse steam turbine 
division) is still with us. 

The general form of a linear, n“-order, nonhomogeneous differential equation is 

fe) SY +S +... +h @y=Ph@ 

The general solution of this equation is made up of the general solution of the 
homogeneous part (those terms to the left of the equal sign) plus a particular 
solution for the whole equation. The general solution of the homogeneous part 
was discussed in the previous lesson. Briefly, it amounts to a solution of the form 
YrTaAnNtawt... tents 
where the number of solutions (terms in the solution) equals the order of the 
equation. 

The remaining problem is to find a particular solution for the whole equation. 
We will use the method of variation of parameters. Starting with the general 
solution to the homogeneous part as above, assume that the various constants (c’s) 
are variable functions (v’s) of the independent variable, so that the general solution 
for the whole equation takes the form 

y= (z) mn +m (2) w+°** +o, (Zz) me 
Differentiating this and setting those terms containing derivatives of the v’s equal 
to zero gives 
th i +’ te tet +o’ ye = 0 

And continuing to differentiate: 

th’ nr’ + on! ys’ +°°* +o’ yn’ = 0 

th’ i” + 1’ yw” +°°* +00’ yn” = 0 

01! PD + oy! ye H+ + on’ yn OD = F (2) 

Solve this system of simultaneous equations for the v’ terms. Then integrate 
these and substitute them back into the undifferentiated equation to find the general 
solution. 

Example: The equation 
(1 — 2) +22y —2y =6(1 — 2) 
is a nonhomogeneous, second-order equation. The general solution for the homo- 
geneous part is 
y= a2 +a(1 + 2) 
This, then, is a partial solution for the whole equation. Replacing the constant 
coefficients with variable functions of the independent variable, as suggested above, 
gives 
y=nr+o(1 +2) 
Differentiating this twice results in the following system of equations. 
oy’ z +o’ (1 + 2) = 0 
vw’ (1) +m (22) = 6 (1 — 2) 
Solving these simultaneously gives 
nn’ =~ 6 +624 
wo’ = —62 
Each of these expressions is then integrated to obtain 
a =62+22%+4 
a= —32+e 
and the general solution to the given equation is 


y=382—-e4+az+a(l +2) 
Now you try 
Here are two linear, second-order, nonhomogeneous differential equations. The 
answers are on page 98. 


L y-ty+24 nae 
2 y —5y+6y=2 
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YOUR TURN continued 








One psi of strength saved is like getting | 
extra material for nothing. Sometimes it 
becomes your turn to sweat over a design 
where the only answer seems to be the 
impossible. 

Here’s an idea that originated in Den- 
mark. It applies specifically to wooden 
beams, but can easily be adapted to other 
situations. The Danish source says: 
“Apart from wooden framework con- 
struction, little work has been done to 
develop simple but effective joint con- 
nectors for wood constructions. The ac- 
tual job of joining wooden joists and 
beams in house construction is usually 
left to the master carpenter who almost 
always does the work according to tradi- 
tion. This means that the connections 
are made after the classical pattern, with 
the often intricate and deep cuts which 
result in considerable reduction of the 
effective cross-section of the beam or 
joist. Therefore, they must be made 
much heavier than necessary to resist the 
actual stress outside the connections. 

“With the increasing prices of timber 
it has been found necessary however, to 
develop better, more efficient and cheaper 
connections, as for example those shown 
in the figures. It is thus possible to make 
efficient joint connections with the help 
of simple nail-plates, and thus to make 
better use of the wood. Even such a sim- 
ple aid as a steel strap can be used to 
simplify an ordinary joint.” 

Wood, plastic or other relatively soft- 
material structures are not the only cases 
where high-strength plate-joints can be 
helpful. It frequently becomes necessary 
to increase flange size to compensate for 
weakened shear strength caused by bolt holes in structural members of steel, brass 
and other relatively high-strength materials. This practice is not only expensive 
but can also raise even more pressing problems where weight and size are critical. 
With high-strength plates and high-strength fasteners—either screws, bolts or rivets 
—-structural joints can retain much of the shear strength that would otherwise be 
wasted in the large fastener holes. 























Answers to problems on page 97. 
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if she takes pride 
in her home— 


give her a kitchen 
of stainless steel 


VMICLOUTH 
STAINLESS 
ST E EL.—the spotless 


metal for homes and 
home products. 


McLouth Steel Corporation 
Detroit 17, Michigan 
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Technical-ities 
by Fred E. Graves 


Avoiding Bolt Failure 
Under Dynamic Loads 


Dynamic loading in a tightened 
bolt may vary from no stress at 
all to that exceeding the bolt 
preload. 

A classic example of dynamic 
loading is a connecting rod in 
a reciprocating engine. But you 
encounter such cyclic stress 
wherever you have fastened 
members that move or vibrate. 

It has been shown that when 
the fluctuating stress ap- 
proaches or exceeds actual bolt 
tension early fatigue failure 
can be expected. 


DEMONSTRATION 


In tests, bolts tightened to a 
1420 pound tension and stressed 
cyclically to 9215 pounds, failed 
after only 5960 cycles. Identical 
bolts tightened to 8420 pounds, 
and cyclically stressed to the 
same 9215 pounds, went 4.65 
million cycles before failing. 

Had the bolts been tightened 
to beyond the 9215 pounds, it 
would have been impractical to 
try to cycle them to failure. 

So, if you want to avoid fa- 
tigue failure, be sure bolt ten- 
sion exceeds the maximum dy- 
namic load, known or estimated. 
This way, the bolt’s life under 
dynamic loading will approach 
its life under static loading. 

Take advantage of the high 
residual tension available to you 
in today’s high strength bolts 
and screws, and thereby avoid 
fastener failures. 








Why Tensilock’ screws 
make ideal fasteners 


for “double-duty” jobs 


ENSILOCK screws are engineered 

to prevent both slippage and 
loosening. 

Heat-treated, they are so strong 
—even stronger in ultimate tensile 
strength than high-strength hex 
screws—that they can keep fastened 
members from slipping by high 
clamping force. As an added benefit, 
this permits more liberal tolerance 
in metalworking operations. Holes 
in fastened members can be oversize, 
slotted, eccentric, misaligned. 


LOCKED-IN PLACE 
Once they’re tightened down, Tensi- 
lock screws can’t shake or vibrate 
loose under reasonable service con- 
ditions. Sharp, angular, carburized 
teeth beneath their heads bite in to 
resist counter-clockwise loosening 
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tendencies. To back off, 25% more 
off-torque is required than on-torque. 


SAVES PARTS, TOO 
Tensilock screws combine an inte- 
gral washer with their self-locking 
feature for a unique one-piece fast- 
ener that speeds assembly. 

Moreover, with their higher 
clamping force, it’s possible that 
three Tensilock screws will do the 
job as well, or better, than four 
Grade 2 fasteners. 

To take advantage of them, we 
suggest you call in an RB&W tech- 
nical advisor. Or, write for Bulletin 
TL-2. Russell, Burdsall & Ward Bolt 
and Nut Company, Port Chester, N.Y. 


Plants at: Port Chester, N. Y.; Coraopolis, Pa.; Rock 
Falls, Ill.; Los Angeles, Calif, Additional sales offices 
at: Ardmore (Phila.), Pa.; Pittsburgh; Detroit; 
Chicago; Dallas; San Francisco. 
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WORKHORst 


OZALID'S 
NEW PRINTMASTER 








PRINTMASTER 900 
Ht.—70'/2”, Width—84'4.”, Depth— 
46'/2”. Newest in Ozalid’s family 
of whiteprinters...all designed 

to give you the finest repro- 
duction at the lowest pos- 
sible cost. Whatever your 
need there’s an Ozalid 
whiteprinter to 
meet it. 


Big volume of engineering prints? Put Ozalid’s new Printmaster 900 to work. 

This new, heavy-duty whiteprinter is a workhorse for capacity, a thorough- | Mr. James A. Travis, Mgr., Marketing 
bred for quality, a favorite for economy. Ozalid, Dept. 207 Johnson City, New York 
Fast! Top speeds up to 75 feet per minute. Versatile... processes any dry 
diazo material up to 42” wide without sticking. Develops both sides in one 
pass! Unique...new, sleeveless, scratch-proof developing and simplified 
control make it top performer in its price class. Name- 
Here, in truth, is a new concept in whiteprinting. New ideas, new designs 

from the leader in the industry that spell new efficiency, reliability, economy Firm 
in engineering reproduction. 

The coupon will bring you the facts on Ozalid’s new “900”. Facts that 


may save you thousands yearly. Mail it today. OZALI D® 


Division of General Aniline & Film Corporation, Jonnson City, New York 


Please send information on New Printmaster 900 


REMEMBER, FOR PEAK EFFICIENCY, ALL OZALID WHITEPRINTERS WORK BEST WITH OZALID SENSITIZED MATERIALS 
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No. 2 


i 
ideas 


you can use 
in working 
with 
bearings 


SPRING 
WASHER 


When designing servomechanism gearing for 
minimum backlash, the bearings should be pre- 
loaded slightly at assembly in order to remove 
all radial play and establish positive ball- 
raceway-ball contact. Two ways preloading can 
be accomplished are by using a spring washer 
against the inner race of a bearing; or by as- 
sembling a collar or gear directly against the 
bearing. When the design precludes preloading, 
a low radial play range such as .0002” to .0004” 
should be specified. 


- ne rr wate 





STANDARD 
SAissci sas 


Extra-thin “wafer” bearings are ideal for use in 
synchros, servos, small motors, potentiometers 
and gear trains which require the narrowest 
possible bearings for any given shaft and hous- 
ing diameter. The space saved by the bearings 
allows a shorter overall motor length; or allows 
more iron and copper to be added to rotors and 
stators without increasing overall length. A line 
of narrow, single-shield bearings is also avail- 
able for these applications. 


The most serious type of mechanical damage to 
precision ball bearings can occur when the bear- 
ings are being mounted on shafts or into hous- 
ings. Pressure transmitted through the dalls 
and raceways can produce permanent dents, or 
Brinell marks in the raceways which greatly in- 
crease bearing torque and vibration. To reduce 
the possibility of such damage, avoid interfer- 
ence fits and use special bearing mounting tools. 











179 
REF 


hid 




















Double row bearings offer a relatively simple 
and economical solution to a problem found in 
some applications where single bearings cannot 
provide sufficient stability under radial loading. 
They provide double row stability yet can be 
conveniently assembled as single units. Appli- 
cations include those involving cam followers, 
pulleys and potentiometer spindle assemblies 
where shaft runout is not tight. Double row 
bearings are available from NHBB in plain, 
flanged or shielded construction. 




















Here is an idea for lubricating the output shaft 
bearings on gear heads which will contribute 
toward longer bearing life: place some grease in 
the space between the two bearings. The grease 
will act as a lubricant reservoir and the oil in 
the grease will bleed into the bearings over a 
period of time. One of the greases which has a 
relatively high “‘bleedout” rate is recommended. 





TYPICAL SPECIFICATIONS OF NHBB WAFER BEARINGS 
(not presently cataloged) 





WAFER Cc 
BORE .D. WIDTH NUMBER RADIUS RATING 


.0937 ‘ .0625 $R133C2 .005 21 
150-page Design and .0937 P 0625 $R133C1 .005 21 
Purchasing Manual is .1250 : 1094 $R166C8 008 82 
the most comprehen- 

sive treatise on minia- .1250 r .0937 SR144C15 .005 36 
ture and instrument .1250 ; .0937 $R144C3 005 36 
ball bearings ever pub- 
lished. Qualified design .1250 é 1094 SR2-5C11 .006 66 
and specifications en- .1250 , 1094 $R2-5C5 .006 66 
gineers, and procure- 

ment specialists, are .1250 d 1094 SR2-5C7 .006 66 
welcome to a copy. .1250 P 1094 SR2-5C10 .006 66 
.1875 “ .1094 SR156C9 .005 35 
1875 P 1094 SR166C6 .008 82 
.1875 P 1094 SrR156C8 .005 35 


-2500 - .1094 SR168C6 .008 44 


NEW 
HAMPSHIRE 

































































BALL BEARINGS, INC. 


PETERBOROUGH, N. H. 
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Ra 
more 


shaft 
per 
housing 


4 


ot bead bel beat 


1875 2 


These New Hampshire miniature instru- 


ment bearings have extra-large bores and | 
permit you to increase shaft diameters | 
without increasing bearing 0.D. — to add | 
strength yet keep center distances at a | 
minimum. See the selection of shaft sizes | 


available for given housing sizes: 





BEARING Cc 
NUMBER |RATING 


21 
36 


35 
35 


82 
44 

















120 
60 























Also available flanged or double shielded or with 


inner rings extended or with any combination of the | 


three. Precision standard is ABEC Class 7. Material 
is 440C stainless steel. 


NEW HAMPSHIRE | 
BALL BEARINGS, INC. | 
PETERBOROUGH, N.H.. 
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NEW COMPONENTS 





action which gives positive “feel” as 
shaft is rotated through its positions. 
Cutler-Hammer, 315 N 12th St, Mil- 
waukee 1. 

Circle 312 on Reader Service Card 


Two-stage hydraulic pump. . .« 
operates at pressures to 6000 psi and 
increases flow of oil during high-pres- 
sure stage. Identical to 10,000-psi 
model except that pistons of the five- 
cylinder axial piston pump, which 
operates during high-pressure stage, 
have been enlarged to increase pump- 
ing speed for high-pressure needs. 
Low-pressure stage remains un- 
changed and consists of a high volume 
gear pump which moves hydraulic 
ram to and from the work. When 
equipped with a 3450-rmp jet pump 
type motor, pumping unit delivers 
following oil volume at various pres- 
sures: 600 cu in./min. at 100 psi; 400 
cu in. min. at 500 psi; 135 cu in./min. 
at 1000 psi; and 110 cu in./min. at 
6000 psi. Precision Hydraulics Div, 
Owatonna Tool Co, 727 Cedar St, 
Owatonna, Mich. 

Circle 313 on Reader Service Card 


Compact heat exchangers . . . 
available with shell diameters from 
3% through 8% in. and in lengths 
from 1 ft 4% in. through 6 ft 7 in., 
use ferrous materials for shells, con- 
nections and bonnets. Construction is 
said to withstand pressure surges and 
corrosive action of synthetic oils and 
hydraulic fluids. Also have no hubs, 
overcoming problem of leakage re- 
sulting from casting porosity and im- 
proper soldering or brazing. From 
stock are 1-, 2- and 4-pass models. 
Basco Inc, 345 Payne Ave, North 
Tonawanda, NY. 

Circle 314 on Reader Service Card 


Reusable hose fittings . . . 

insert or push-on with barbed stems 

that lock each fitting in hose with no 

need for external clamps or ferrules. 
continued, page 106 





Replace costly machined or 
molded parts with formed 
RULON® Tape. 


Leading manufacturers across the 

country are cutting design costs by 

stamping or post-forming parts from 

RULON (filled TFE) tape. With 

Dixon’s RULON Tape in thicknesses 
% from .004” to .125”, 
Dixon offers you pay only for 
F what you use. You 
use a minimum of 
material . . . and 
reduce costs up to 
10 to 1. You take 
advantage of RU- 
LON’S plastic mem- 
ory, too, for tighter 
fits and better seals. 
RULON Tape gives 
your product these 
performance-improv- 
ing qualities: (1) low 
friction, (2) high 
wear resistance, (3) 
low deformation 


under load, (4) wide 


* 
* fnolded parts 
;' temp. tolerance 


(—400°F to +500°F), (5) chemical 
inertness, (6) lube-free operation, 
and (7) zero water absorption. 
Whether you need stamped or post- 
formed parts for pumps, valves, 
compressors, bearings, meters, or 
what have you, it pays to rely on 
(1) Dixon’s wide selection of basic 
shapes (in both RULON and Teflon), 
(2) Dixon’s knowledge of fluoro- 
carbon reinforcing agents, and (3) 
Dixon’s facilities for fabricating parts 
to print. 

See RULON designers 

guide book — Bulletin 

#9572 in Sweet's Prod- 

uct Design File, or send 

details for recommenda- 

tions. DIXON CORPO- 

RATION, 103 BURN- 

SIDE ST., BRISTOL, 

RHODE ISLAND. * DuPont T.M. 


DIXON 
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HEIM Zaulal BALL BEARINGS 




















A significant contribution to bearing technology was made by HEIM when 
they first presented their exclusive and patented revolutionary concept in the 
design and method of manufacturing ball bearings. 


These new bearings have solid, unbroken, machined inner and outer raceways; 
deep, burnished ball grooves; and a full complement of balls. There are no re- 
tainers, and the balls travel in races uninterrupted by counterbored rings or 
filling slots. 


Ball Bearings hor Special Purposes 


With the Heim advanced techniques in ball bearing construction, additional 
features can be incorporated in the production of these bearings to allow wider 
applications not before thought possible. 


For example . . 


“Sawsmith,” made by Magna American Cor- 

poration, is claimed to be the world’s finest 
Radial Arm Saw. It has four Heim Ball Bear- 
ings, specially designed with grooved outer 
members, which serve as glide bearings 
against the arm guide rails. These are 
mounted on an eccentric shaft for easy 
adjustment. 


The Heim method presents the design engi- 
neer with virtually unlimited possibilities, 
such as... compact ball bearings with 
grooved outer members, single or double row 
types, plain or flanged outer members, and 
made for round, square or hexagonal shafts. 


Production of special forms depends on vol- 
ume requirements. 


Miniature Ball Bearings 


eee Ce eewene 8688289070 @Ceeaeenee ee €eees# 6+ © 6 8 4 
. 


Heim's unique process produces a bearing with a full complement 
of balls, deep, unbroken, burnished ball grooves, with maximum ca- 
pacity for radial and thrust loads. 


The miniature series is made in open type, with one or two shields, 
or with extended inner races for clevis mounting. 


These miniature bearings with outside diameters from .1250 to 
5000 are made with characteristics perfectly adequate for many ap- 
plications now using precision bearings. 


Send for new catalog of standard ball bearings, see the Heim bearings distrib- 
utor, or write our engineering department for information on special forms. 


HEIM BALL BEARINGS 
Made for UNIVERSAL BEARINGS CORP. Fairfield, Connecticut 
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Stop Heat Cold With 
Any Flexible Material — Aluminated 


Your 63 car may be the coolest ever. Chances are there will be a new 
concept in temperature reflection under the roof . . . woven headliners 
combining aluminum’s temperature reflectivity and light weight with 
fabrics’ acoustical quality and good looks. 

Automobile headliners—Aluminated—a new process by Thermo- 
Chem that impregnates any flexible material with aluminum. Alumina- 
tion increases utility and widens useful temperature range by giving up 
to 20 times more heat (and cold) reflectivity. 

Alumination doesn’t crack, peel off, discolor. It won’t lose its tem- 
perature-reflecting ability. And it adds strength without excess weight. 

A thousand ordinary materials will soon be working in hot places 
they’ve never been before. 

They can hardly wait. 

Thermo-Chem Corp., 2 Noeland Ave., Penndel, Pa. 


THERMO 
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FROM DESIGN TO FINISHED PRODUCT 


OPC can help you 
reduce costs on 
precision small parts 


When Pennsylvania Transformer 

Division, McGraw-Edison Com- 

pany, presented drawings on this 

thrust piece, OPC recommended 

a single dimensional change that 

effected a sizable savings per 

piece on production costs. Further 

savings were made by eliminating ma- 

chining—this smooth-finished alumi- 

num casting is precisely dimensioned, 

even the two holes, on 214” centers, 

are held to +.010”. And, of course, 

there’s always the savings made pos- 

sible by consistent quality and on- 

' time delivery that are part of regular 

* OPC service. What about your costs 
on small parts? 


THRUST PIECE USED AS SUPPORT AND SPACER 
MEMBER FOR MOVABLE ARCING CONTACT ON 
SWITCHING MECHANISM OF LOAD TAP CHANG- 
ING TRANSFORMERS. 





WRITE FOR CATALOG 





OHIO PRECISION CASTINGS, INC. 


109 Webb St. * * * * DAYTON 3, OHIO 
Plaster Mold Castings made from 
BRASS ® BRONZE * ALUMINUM ® BERYLLIUM COPPER 
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F, for new products: 
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New designs need MFG! 








We prescribe a change in concept of 
material and design! Modern, beautiful 
fiber glass reinforced plastic can be 
molded to almost any design, produced 
in almost any color, by MFG. 


To make your new product strong, light- 
weight, attractive, corrosion- resistant, 
rustproof, economical, mold your plans 
around MOLDED FIBER GLASS. The se- 
cret is in pressure molding in matched 
metal dies. 


Tell us your problem; we'll help solve it 
with fiber glass reinforced plastic pro- 
duced in matched metal dies. Call upon 
the experience and know-how of pioneers 
and specialists: Molded Fiber Glass. 














Ask for free descriptive literature. \ 








IBER GLASS COMPANIES 


Benefit Avenue, Ashtabula, Ohio 





NEW COMPONENTS 





Included are SAE 45° swivel, JIC 37° 
swivel and male pipe thread end fit- 
tings in a range of sizes for hose ID 
of % to % in. Designed for use in 
conveying air, water, oil and petroleum 
base fluids at pressures to 250 psi. 
Assemblies are available in seamless, 
single fabric braid hose with synthetic 
inner liner. Lenz Co, Dayton 1, Ohio. 
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Liquid-level gages . . . 
are flush-mounted, press-fit units what 
range in style from porthole windows 
(with or without reflector back, with 
or without oil level line) and column 
types, which show oil level at a glance 
even in dim light, to a dome type, 
which makes oil level easy to read 
from both side and front. Windows 
are of clear glass or acrylic plastic. 
Glass window styles are recommended 
for applications of 50 psi up to 300 F. 
Plastic window styles take 10 psi up to 
100 F, or 2 psi up to 160 F. From 
stock in 38 styles and sizes. Gits Bros 
Mfg Co, 1866 S Kilbourn Ave, Chi- 
cago. 

Circle 316 on Reader Service Card 


Plastic pipe fittings .. . 
are supplied in Zytel (nylon), Teflon, 
polyvinyl chloride, Profax, polyethe- 
lene, Piaskon, Penton, Kel-F and Del- 
rin. Sizes range from 1s- through 1-in. 
nominal pipe size. Expected to find 
use in applications where corrosion, 
chemical reaction, leakage in vacuum 
lines, electrical insulation or weight 
are problems. Cajon Co, 902 E 140th 
St, Cleveland 10. 
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Miniature transducer . . . 
provides a potentiometric output with 
wide pressure range coverage. Meas- 
ures corrosive and non-corrosive me- 
dia and withstands critical military and 
commercial environments, including 
operating temperatures of —67 to 212 
F. Full scale range is 0-100 to 0-10,- 
000 psia or psig with static accuracy 
band of +1.5% or better available on 
most pressure ranges. Resolution is 
0.22 to 0.33%. Instrument Sales Div, 
DeJur-Amsco Corp, 45-01 Northern 
Blvd, Long Island City 1, NY. 

Circle 318 on Reader Service Card 


CIRCLE 107 ON READER SERVICE CARD-> 








FOR PRODUCT 
GLAMOR, 


FOR EYE 


APPEAL 


and SALES 
APPEAL, 
DESIGN 


WITH AMERICAN 


NICKELOID 
METALS! 


Design excitement and produc- 
tion economy ... both are yours 
when you specify American 
Nickeloid’s lustrous pre-plated 
metals! 

The warm glow of copper. . 
the shimmering coolness of 
chromium .. . the soft mellow- 
ness of nickel. . . the jewel-like 
richness of brass. Yours is a 
choice of finishes, textures, and 
patterns — each a winner in this" 
style-comscious era. And they’re 
all ready for fabrication. Plating, 
cleaning, polishing and other 
costly operations are eliminated 
from your production routine! 
Economical Nickeloid pre-plated 
metals are available in sheets, 
strips, or coils — in bright or 
satin finishes, plated one or two 
sides. Smart design patterns, 
stripes, crimps, and textures are 
available. 

Pre-plated Nickeloid Metals are 
easily workable using standard 
production procedures . . . Mar- 
Not protective coating available 
for protection of the finish in 
cases of extreme forming. 


These metals can be bent, 
riveted, drawn, beaded, flanged, 
etched, welded, punched, litho- 
graphed, silk-screened, seamed, 
stamped, or folded. 

Write today for your free Intro- 
ductory Kit, which contains 
specifications and fabrication 
data, plus a consulting file of 
metal samples. Your letter will 
start you on an exciting journey 
into the world of American Nick- 
eloid pre-plated metals. 


NICKELOID METALS 
SINCE 1898 


American 
Nickeloid Company 


PERU 71, ILLINOIS 


MILLS: Peru, til., and Walnutport, Pa. 





MULT, aver Clad Metais Combine The Exact Operating 
Properties | Must Have. 


This design engineer has just realized a fact we wish more 
people would discover. MULtiLAYER CLAD METALS 
PROVIDE MORE COMBINATIONS OF OPERATING 
CHARACTERISTICS THAN ANY SINGLE MATERIAL 
OR ALLOY 

If you need a spring with high conductivity, superior elastic 
properties, high temperature strength and easy weldability, 
no single spring alloy can satisfy all the requirements. 
MULtiLAYER clad spring metals can! 

If a tube for chemical processing must have a clean, cor- 
rosion resistant, stainless steel surface, high thermo conduc- 
tivity, plus high forming ductility for flaring and bending; no 


*Trademark of Metals & Controls Inc 


WA Oo Od = SP 
BALL WELDED THERMOSTATIC NAME 


METALS iT! 


TUBING STRIP STAMPINGS ASSEMBLIES CONTACTS 
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MULti- 


single material can satisfy all these requirements. 
LAYER clad tubing can! 

Therefore, why compromise? Why be limited to only partial 
reliability in your components when, with MULtiLAYER clad 
metals, you can get maximum satisfaction? 

You specify the engineering properties 
you need . . . we'll put the metals together 
for you — and even make the components 
in many cases. Find out about this modern 
design material. Call us or write for our 
illustrated brochure GP-1. 


For materials and components come to Metals & Controls 


°~ METALS & CONTROLS INC. 


Pee FOREST ST. + ATTLEBORO, MASS 
CORPORATE DIVISION OF 


TEXAS. INSTRUMENTS 


CORPORATEDO 
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MULItiLAYER provided all these 
metal qualities for heat exchanger fins 
used in supersonic aircraft and missiles. 
Designed with a copper core for greater 
thern:al conductivity, the fins thus in- 
creased the efficiency of the exchanger. 
Soft tempered stainless steel cladding 
was selected for its anti-corrosion prop- 
erties, and for its conformability when 
wound around the exchanger in a 
spiral. It was also wetable by Coast 
Metal #53 brazing alloy to insure a 
continuous, high-strength connection. 
If the metal qualities required of your 
product are equally or more diverse, 
MULtiLAYER can solve your prob- 
lem as well. Write for FREE 
LITERATURE describing physical 
and mechanical characteristics of this 
strip, and other specifications such as 
coefficients of expansion, forms and 
sizes, and weights. 


METALS & CONTROLS INC., 
1010 Forest Street, Attleboro, Mass. 


A CORPORATE DIVISION OF 


TEXAS LO INSTRUMENTS 
‘ms INCORPORATED 
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Cybernetics 

NORBERT WIENER. The M.1.T. Press, 
Cambridge, Mass, & John Wiley & Sons, 
Inc., 440 Park Ave, S, New York 16. 9% 
x 6. 212 pp. $6.50. 

Norbert Wiener’s “Cybernetics” has, 
since first publication, come to be one 
of the most widely discussed books in 
recent scientific history. Cybernetics 
itself is a new science named by Dr. 
Wiener and his colleagues in the sum- 
mer of 1947. It deals with the close 
study of human control functions and 
of the mechanico-electrical systems 
designed to replace them. Cybernetics 
has stemmed from study and experi- 
mentation by Dr. Wiener and a group 
of scientists—including physiologists, 
psychologists, mathematicians and 
electrical engineers. 


This new, revised second edition has 


been completely re-edited and con- 
tains two new chapters and a new 
introduction by Dr. Wiener. Dr. Gor- 
don Raisbeck of the Bell Telephone 
Laboratories is technical editor of this 
new edition. 


Physical and Mechanical Properties | 


of Tungsten and Tungsten-base 
Alloys 
V D BARTH. Defense Metals Informa- 
tion Center, Battelle Memorial Institute, 
Columbus 1, Ohio. 8% x 11, 63 pp. 
$1.75. 

Tensile strength of wrought tung- 
sten decreases gradually with temper- 
ature but as it reaches the recrystalliza- 
tion range its strength drops rapidly. 
Most of the current tungsten alloy 
research is based on raising the re- 
crystallization temperatures to 2700 F 
or higher. 

This report summarizes the avail- 
able mechanical properties of tungsten 
and tungsten-base alloys. Most of the 
information is for specific microstruc- 
tures and test conditions so some 
judgment must be used when apply- 
ing this data. 


Probability With 
Statistical Applications 
MOSTELLER, ROURKE and THOMAS. 
Addison-Wesley Publishing Co, Inc, 
Reading, Mass. 6 x 9%, 478 pp. $6.50. 


An eminently readable text on a 


subject of increasing importance to | 


engineers. Though essentially in- 
tended for classroom use (it was the 
text used in the early-morning “Con- 
tinental Classroom” series televised on 
NBC earlier this year) this book can 
form the basis of a home study course 
for those engineers who need to catch 
up on the world of statistics. 
first four chapters give a brief course 
in the theory of probability. Follow- 











The | 


ing chapters discuss statistical applica- 
tions, theory of sampling, least 
squares, curve fitting and sets. The 
authors include numerous examples 
to illustrate the methods and at the 
end of each section (there are about 
6 lesson-size sections in each of the 
10 chapters) are a number of prob- 
lems for the student to work out, with 
answers in the back of the book. Key 
formulas and tables are printed on the 
book’s end papers. Pertinent statisti- 
cal tables are given in the appendix. 


Handbook of Fibrous Materials 
HARRY MILEAF. PB171494. Office of 
Technical Services, Dept. of Commerce, 
Washington 25, DC. 8% x 10%, 474 pp, 
$6.00. 

This report summarizes the in- 
formation from various research pro- 
grams on fibrous materials by WADD. 
It gives fairly complete design data 
on sewability (strength efficiency of 
sewn seams); resistance to abrasion; 
chemicals and weathering; permeabil- 
ity; properties at various temperatures. 
It also gives some information on 
resistance to tearing; the effect of 
sunlight and other radiation; flexibil- 
ity; elongation and elastic recovery of 
the fibrous materials. The most com- 
plete source of data on all the avail- 
able fibrous materials to date. 


ABSTRACTS _ 


Industrial Designer 

In this article by an assistant profes- 
sor of mechanical engineering, some 
of the historical precedents for today’s 
industrial design specialists and their 
services are described. The author 
points out that there are numerous en- 
gineers and other personnel in product 
design activities who perform the same 
functions as the industrial designer. 
The author makes the point that some 
industrial design activity is indis- 


| tinguishable from engineering work— 


and vice versa. Included is the au- 
thor’s concept of “The Seven Steps to 
A Good Design.” 

“Just What is An Industrial Designer?”’, 
G. N. Soulis, University of Waterloo 
Design Engineering, 481 University Ave, 
Toronto 2, Canada. 


Statistical Techniques 
Statistical techniques are becoming 
increasingly important in (1) evalua- 
ting performance, reliability, and ac- 
curacy, (2) determining confidence 
level and significance, and (3) de- 
signing experiments and analyzing re- 
continued, page 113 
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Quiet Triumphs of Lead =In Soundproofing 


The battle against noise continues to 
concern industrial management. Fa- 
tigue and accident hazards aggravated 
by high noise levels cut into production 
capability and pose critical personnel 
problems. From time to time this Lead 
Newsletter has dealt with particular 
uses of lead and leaded products in 
soundproofing. Here, to complement 
those reports, is an account of new lead 
developments and successes in fighting 
din and clamor. 


Quieter Rooms and Bulidings 


Sheet lead has been recommended and 
used to block sound transmission be- 
cause of its high mass and low stiffness. 
Acoustically deficient walls have been 
brought up to requirements by panel- 
ling them with sheet lead over a light 
fibrous material or simply over furring 
strips. One Australian firm erected a 
construction shanty at the site of a new 
office building under construction and 
used walls of hollow panels with sheet 
lead membranes in the center. The pan- 
els were faced with 5/16” hardboard 
and measured 8’ x 3’ x 2” thick. The 
sheet lead was 2 pounds per square foot. 
The floor and roof also used 2 lb. sheet 
lead and the windows were double 
glazed. The strong preference of the 
draftsmen for the sound treated room 
was backed up by sound measurements 
—a 31 decibel transmission loss in the 
treated room vs. a 24 decibel drop in an 
adjacent room of similar, though un- 
leaded, construction. This seven decibel 
difference is interpreted as about a 
halving of the noise level. 


Folding Doors and 
“Window Shade" Walis 


For large rooms that must be divided 
to afford acoustical privacy to several 
groups but retain their capacity for 
holding large meetings, there are two 
new leaded plastic soundproofers. One 
of these is similar to conventional fold- 
ing doors. Faced with vinyl coated fab- 
ric in decorator designs it forms a smart 
modern wall when extended. It can also 
be folded back to a fraction of its 
extended length when both sections of 
the room are to be joined. Inside the 
door, two sheets of lead-filled vinyl 
weighing 70 oz. per square yard (slight- 
ly less than 1% lb. per sq. ft.) each, block 
the sound transmission. Acoustical 
tests that rated average wooden doors 


at 18 to 20 decibel showed the folding 
door to have 33.5 to 39 decibel of sound 
transmission loss. 

A more novel leaded vinyl product for 
dividing large rooms is a ceiling-hung 
curtain which is raised and lowered 
like a window shade. Tests of this wall 
show 32 decibel transmission loss. One 
major market for such a device is in 
new school construction. Those consid- 
ering the curtain for meeting rooms 
may want to note that it has built-in 
roll-up chalkboards. 


Upgrading Diverse Products 
The list of products now taking advan- 
tage of lead for sound and noise control 
is growing, too. Aircraft manufacturers 
make use of leaded vinyl and other soft 
plastics with high lead contents to quiet 
cabins of helicopters and commercial 
jetliners. Work done to provide a rea- 
sonably quiet Sonar environment in 
anti-submarine helicopters has been 
carried over into commercial passenger 
models soon to come into airport-to- 
airport and airport-to-center-city shut- 











‘CEMENTED LEAD VINYL TAPE PIPE 
Leaded vinyl! and glass fiber covering is used to slash noise levels in pipes at pressure reduction stations. 








Taming the Roar of industry 


Several gas pipe line pressure reduc- 
tion stations have made use of similar 
leaded vinyl sheet to quiet the inde- 
scribable roar of gas being dropped 
from pipeline pressure (typically 150 
psi) to consumer pressure (typically 15 
psi). Ports in the pressure regulating 
valves act as noise generators and sound 
measurements show that sound levels 
of 110 to 130 decibel are not unusual at 
such a station. For reference, a large jet 
at takeoff generates 140 to 160 decibel, 
a subway train 90 to 100 decibel. 


By covering the pipes and valves with a 
blanket of glass wool about 2 in. thick 
and covering this with leaded vinyl 
0.055 in. thick (0.87 lb./sq. ft.) the noise 
level was dropped 30 decibel. Of course 
this does not meet library reading room 
standards, but conversation and work 
are possible. 


tle service. For military and civilian 
personnel who must work with the big 
jets at landing fields, a set of molded 
phenolic “earmuffs” embodying lead 
has recently won the highest accolades. 
Electric typewriters and other office 
equipment are now employing a whole 
family of novel leaded plastics to mute 
their noise. They gain a further benefit 
in sales appeal because of their obvious 
excellence of construction and their air, 
unconsciously created, of quiet effi- 
ciency. Among the newest technical de- 
velopments is a sound deadening paint 
which has proved itself in quieting com- 
plex machines. It carries a high lead 
loading in a Hypalon® base. 

For technical information and help in 
applying lead to your own products and 
problems, simply write: Office of Tech- 
nical Information, Lead Industries 
Association, 292 Madison Ave., New 
York 17, New York. 44s: 
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GILBERT MACHINE’S HORIZONTAL BORING MILLS, WITH 
CUT JOB TIME BY 83% 


In milling, drilling, boring, and tapping diesel engines 
and components, Cincinnati Gilbert Machine Tool Co. 
Tape-Controlled Horizontal Boring Mills do jobs in up 
to 83% less time. 


For their boring mills and automatic positioning 
machines, Cincinnati Gilbert selected Bendix® electric 
tooth and disc-type clutches for feed and traverse 
mechanisms. Reason: Bendix electric clutches meet the 


Bendix electric tooth clutch—positive, 
high torque transmission. No idle torque 
Wet or dry applications. May be engaged at 
relative speeds. Available in 40 to 40,000 
ft.-lb. capacities 


need for compact design, dependable performance, 
uniform speed of response, extreme accuracy. 


Bendix electric friction and tooth-type clutches are 
simple, compact, easy to install. Have no external shafting 
mechanism. Deliver greater torque than mechanical 
clutches of the same size. Want these advantages? Write 
today for more details. Eclipse Machine Division, The 
Bendix Corporation, Elmira, New York. 


Bendix electric multiple disc clutch— 
magnetically isolated disc stack. Ideal for 
step-by-step acceleration of large masses 
Wet or dry operation. Available in 10 to 
16,000 ft.-Ib. capacities 


Export Sales and Service: Bendix International, 205 E. 42nd St., New York 17, N.Y. 


Bendix-Elmira 
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® No sliding metal-to-metal contact 


> May be used With or Without Lubrication 


& Dead Seal Closing 


> Full internal porting on all sizes 


JStumphrey mukes the 


Simplest Piloted Valve 
in the World 


No. 125A Ye” 
pilot-operated 
**Quick-Dump’’ 


‘> 


NG > 
Ji 1 
Ne. 500A ¥/;” 


pilot-operated 
**Quick-Dump 


(t3. 
4 4, 
“@4 
he $ 
“yy 
No. 250-4A ¥%” 


4-way piloted 
**Quick-Dump** 


HUMPHREY 


Mail this Coupon 
for Literature and 
Prices on 


Humphrey Piloted — 


This is a full %’’ Humphrey ‘‘Quick-Dump”’ 
piloted air valve delivering 80.04 cfm at 100 psi. 


Humphrey has shrunk the valve size and 
simplified the inside, thereby improving valve 
performance, lengthening service life, and mak 
ing installation easier. 


Short stroke (.063’’) plus fast response and 
built-in quick exhaust give cycling speeds up to 
10 cps. Positive dead-seal closing—may be used 
for valving vacuum down to 5 microns, with air 
pilot. (Specify vacuum when ordering.) Complete 
separation of piloting medium from medium 
being valved. 


No lubrication is required. You save cost of 
oilers, simplify piping, and get oil-free air. 
(Over-lubrication does not affect the valve.) 











Mail coupon today for literature and prices on 
the Humphrey ‘‘Quick-Dump”’ line. 


HUMPHREY PRODUCTS DIVISION 


General Gas Light Company 
Box 2008 Kalamazoo, Mich. 


basic GJ; 1%” dia. 
basic GR: 24” dia. 


NEW wouno'rei MOTORS 


Small size and weight, wide design versatility, broad speed and 
torque ranges, instant reversibility . . . Globe’s wound field 
MIL spec motors can solve your requirement! Here are two 
cases in point: 

TYPE GR 2%4"dia. frame size provides continuous duty 
outputs to 1/6 hp at 8,000 rpm. Weight: 2.0 Ib. Units can be 
wound for a.c./d.c. universal, split series, series, shunt, or 
split shunt, and can include an integral brake or governor, and 
a special gear reducer. Request Bulletin 114. 

TYPE GJ 134” dia. frame size provides continuous duty outputs 
to 1/50 hp at 10,000 rpm. Weight: 7.2 oz. Units are generally 
supplied split series, and complete packages .can include a 
brake or governor, and a standard gear reducer with 101 
planetary ratios. Request Bulletin 113 from Globe Industries, 
Inc., 1784 Stanley Avenue, Dayton 4, Ohio. 


GLOBE 
INDUSTRIES, 
INC. 


7 ae) — 3 
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SEE FOR YOURSELF HOW 


GRC TINY PARTS 


DIE CAST ZINC ALLOY and 


“Quick-Dump ” VALVES 


Humphrey Products Div. 
General Gas Light Co. 
Box 2008, Kalamazoo, Mich. 


Please send literature and prices on ‘‘Quick- 


MOLDED ENGINEERING THERMOPLASTICS 


. combine high quality, uniformity, 
accuracy ... at low cost. 
GRC’s exclusive high-speed, automated single 
cavity techniques give you higher quality, more 
uniformity, offer important production and 
assembly shortcuts with precision rmall parts in 
die cast zine alloy and molded plastics. 
These FREE SAMPLES and detailed bulletins 


NO SIZE TOO SMALL! 
MAXIMUM SIZES: 
Zine Alloy—2’’, ‘2 oz. 
Nylon, Delrin & other. 
engineering thermoplas- 
tics—134”, .05 oz. 


Dump” Valves. We ore particularly interested in 
Manual — 2 . valves. 





Cam-operated — Firm Name - 
Electric Valves By 
Street No. 


ase 


on GRC's unique services will show you why ‘ f% 
you can do more . . . save more . . . when | i 
ee TODAY —on company letterhead. I r 


ou know more about GRC. Write for yours my 





GRIES REPRODUCER CORP. 
World’s Foremost Producer of Small Die Castings. 
159 Beechwood Avenue, New Rochelle, N. Y. © NEw Rochelle 3-8600 
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DESIGN LITERATURE 





sults. This article discusses such prob- 
lems as patterns, anticipating values, 
confidence, Tchebycheff inequality, re- 
liability studies, design of experiments. 
“Statistical Techniques,” by W. A. Jasson, 
Airborne Instruments Lab, Div of Cutler- 
Hammer, Inc. Instruments & Control 
Systems, Aug 1961, 848 Ridge Ave, Pitts- 
burgh 12, Penna. 








Digital Recording 
How to find and avoid errors in 


recording digital signals on magnetic 
tape. 


“Problems in Digital Recording,” by L. A. 


Ormond, Epsco, Inc. Instruments and A : 
Control Systems, Aug 1961, 848 Ridge Your product, without design change, can be 


Ave, Pittsburgh 12, Pa. equipped with a Jordan electric positioning con- 
trol team. A standard actuator-amplifier control 
Thermoforming package is available now to fit your application. 
Article points out the unique fea- Provide remote or automatic control for your ma- 
tures of the process which make it chines, variable speed drives, pumps, valves, feed- 
ideal for certain applications, restrict ers — wherever positioning is required. 
it in others. WRITE TODAY! REQUEST CATALOG 


“Thermoforming—Processes and Appli- AND DATA SHEETS. 
cations,” by John R. Lynch, Dow Chemi- 


cal Co. Plastics Technology, Aug 1961, 
630 Third Ave, New York 17. Sle) Jey JORDAN CONTROLS, INC. 
3235 W. Hampton Ave. 
CONTROLS MILWAUKEE 9, WISCONSIN 
UP. 1-9240 
CATALOGS REPRESENTATIVES IN PRINCIPAL INDUSTRIAL CITIES 
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To obtain copies of literature described be- 
low, circle corresponding number on post- 
card inside back cover. For those catalogs 
and bulletins available only when requested 
on company letterhead, see page 121. 


SCREW MACHINE STOCK—Hand- 

book, 154 pp. As aid to designers in 

specifying material, summarizes me- 

chanical and physical properties, ma- 

chining characteristics, sizes, tempers 

and applications for each of five alu- 

minum screw machine stock alloys. 

Also covers machinability ratings, 

recommended thermal treatments, tol- Ries seas tel 

erances, feeds and speeds, screw thread ing and materiel 

data, etc. Aluminum Co of America, compounding save 

728 Alcoa Bldg, Pittsburgh 19. time and money. 
Circle 320 on Reader Service Card 


ne extrusions — rigid and flexible — 
Booklet GEA-6999, 32 pp. Reviews in hundreds of shapes and sizes 


principle of operation, drive compo- 
nents, control functions, features and 
advantages of complete line. Func- 
tional requirements are described and 
illustrated, and costs are treated in a 
table reflecting typical drive price 
curves plotted against drive hp. Gen- 
eral Electric Co, Schenectady 5. 
Circle 321 on Reader Service Card 


Complex multi-hollow extrusions solving industry design problems, cost-reducing 
production techniques permitting lower prices, quick delivery of critically needed 
extrusions. These are routine at Crane 
Plastics where a reputation for solving 
“‘impossible’’ problems is setting Crane 
apart as an international leader in 
plastic extrusions — rigid and flexible. 
Write for brochure showing unique 


Crane extrusion applications. 


MOLYBDENUM—Brochure, 57 pp. CR ANE 


Spell t ties of th tal, it: 
pelis out properties of the metal, its PLASTICS, INC. 


availability in mill supply forms and , 
various fabricated shapes and its appli- 2146 Fairwood Ave. 
continued, page 117 Columbus 7, Ohio 
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FRE! 


leo} R= felis 
‘VALVE 
DATA!...from 
a¥ or ey 


“HOW TO 


SOLENOID 
VALVES”, 
an 8-page bro- 
chure complete 
with drawings, 


diagrams, charts 
and curves. 


VALVE 
SELECTIONS 
FOR CORROSIVE 
APPLICATIONS”, 


a 16-page manual 
listing over 500 
corrosive media. 


Both are free. Both 
should be at your fingertips. 


Write today for your copies! 


VALCOR 
ENGINEERING CORP. 


5375 Carnegie Avenue, Kenilworth, N. J. « CH 5-1665 


LAL 


SOLENOID VALVES 





CHROMALOX ELECTRIC 
TUBULAR HEATERS 


HEAT APPLICATIONS UNLIMITED 


Versatile Chromalox Electric Tubular Heaters, in limitless straight or tailored 
shapes are used for convection, conduction and radiant heating. They may 
be clamped to metal surfaces, fitted into machined grooves, cast into metals, 
immersed in liquids, installed in ovens, calenders, molding-presses and 
similar equipment 

Wide selection of sheath metals, voltages, wattages and temperature con- 
trols to suit your exact needs Send for Catalog 60. 


CHROMALOX &.. 
VELECTRIC HEAT 


7535 THOMAS BOULEVARD, PITTSBURGH 8 PA 
COMFORT | 
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Get the greatest benefit 
from Product Engineering 
by having your own sub- 
scription. 


You can then read the articles and 
advertisements at your convenience— 
and set up your own information file. 
Use subscription card in back of this 
issue or write direct to: 


Circulation Manager 
Product Engineering 
23rd Floor 

330 W. 42nd St. 
New York 36, N.Y. 
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NOW- Increase 0-Ring Life and 
Reduce Costs with... 


The only contoured and GCevtinurceus. back-up ring... 
simplified, easy-to-assemble, resists higher pressures! 


Here’s the first really new 





back-up ring in years . . . 

Test after test, both in the field and 
laboratory, has proved that Parbaks* 
greatly increase O-ring life. 

In addition Parbaks* improve lubrication, 
are easy to assemble, and resist higher 
pressures — yet they actually cost less than 
back-up rings for similar useage ! 








Why not get the facts about these unique rings, 
now. Send for catalog 5482—8 pages of de- 
n data and other material about Parbaks* 


Pe rker SEAL COMPANY 
< 


ulver City, California and Cleveland, Ohio 
A DIVISION OF PARKER-HANNIFIN CORPORATION 


%* Trade Mark 





Colmonoy 


Castings 


improve 


Glass Jar 


Moulds 


Cast Colmonoy’ guide 
rings align the halves of 
the neck ring (shown 
closed, lowering the mol- 
ten glass embryo jar). 
Like the mould (bottom, 
shown open) the neck 
ring opens and closes 
every few seconds. Photo: 
Glass Container Institute. 


NICKEL ALLOY RINGS LAST LONGER, 
IMPROVE GLASS CONTAINER QUALITY 


Glass container mould makers find ready buyers for 
new dummy guide rings that cost five times more 
. but last for years instead of just days. Cast iron 
rings wore out quickly under the almost continuous 
metal-to-metal wear in high service temperatures. 
Now rings of Colmonoy No. 4 alloy (nickel-chrome- 
boron) last up to fifty times longer. And by maintain- 
ing their size they minimize seam marks on the 
glass products. 
Critical equipment parts made of abrasion, corrosion, 
and heat resistant Colmonoy alloys are making 
many industrial products more saleable. Could yours 
be so benefited? Write us about your ‘trouble’ part. 


Opened neck ring (note pop bottle 
top contour) reveals dummy guide 
ring cast of Colmonoy No. 4 alloy. 


mamo-euRPAcIne | THTAT T. COLMONOY 


SD CORPORATI 


4& GRAZING ALLOYS 19345 JOHN R STREET + DETROIT 3, MICHIGAN 


Buffalo * Chicago + Houston + Los Angeles * Morrisville + New York © Pittsburgh » Montreal « London, England 
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...from MARSH | 


Small solenoid valves that 
fill a BIG order 


Designed to meet the need for 
positive-acting tight-seating 
valves for use on wide variety of 
media, including oxygen, hydro- 
gen, acetylene, etc. 





Two Types: 
Conduit type and grommet type. Port 
sizes 1/8” and 1/4” NPT. 


Ten orifice sizes: 
3/64” through 1/4”. 


Wide range of voltages: 
Standard with 115 V. A. C. but also 
available in 12, 24, 208, 230, 460 V. A.C. 


Pressure to 540 psi. 


Small, but with more strength in 
the Marsh manner. Coils never 
overheat. Entire assembly leak 
tight. Remarkably quiet oper- 
ation. Cleanable without breaking 
connections. Used in any position. 
Bodies either brass bar stock or 
18-8 stainless steel. All moving 
parts stainless. Underwriters’ ap- 
proved for use on oxygen and hy- 


Conduit-type Master- 
mite. Grommet-type 
also available. 








drogen and as safety valves. 
Write for new bulletin 

MARSH INSTRUMENT COMPANY, Dept. 39, Skokie, Ill. 

Division of Colorado Oil and Gas Corporation 

Marsh Instrument & Valve Co., (Canada) Ltd., 8407 103rd St., Ed- 
monton, Alberta, Canada, Houston Branch Plant, 1121 Rothwell 
St., Sect. 15, Houston, Texas. Eastern Seaboard Warehouse: 
Marsh Instrument Company, 1209 Anderson Ave., Fort Lee, N.J. 
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an infinite variety 
STANDARD PLASTIC PARTS 


knobs, handles, feet, pulls 
pointers etc. in a thou- 
sand and one varia- 
tions all avail 
able without 
tooling costs 


HARRY DAVIES MOLDING COMPANY 
1428 N. Wells St., Chicago 10, lil 
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DESIGN LITERATURE 





cations. Included are 45 tables and 
graphs of properties and specifications, 
plus photos and sketches of products 
in actual applications. Also contains 
data on machining and working metal 
to finished form. Schwarzkopf Devel- 
opment Corp, 595 Madison Ave, New 
York 22. 

Circle 322 on Reader Service Card 


HEATING AND COOLING—Bul- 
letin 356, 26 pp. Covers heat trans- 
fer surface produced by welding to- 
gether two metal sheets, one or both 
of which may be formed with flow 
channels. Data offered includes a 
logarithmic mean temperature differ- 
ence chart; how to figure heating load; 
how to select heating surface; pres- 
sure drop short cuts, etc. Dean Prod- 
ucts Inc, 1042 Dean St, Brooklyn 38, 
NY. 

Circle 323 on Reader Service Card 


ELECTRICAL RESINS—Brochure, 
4 pp. Center chart supplies tempera- 
ture class and thermal properties; 
physical and mechanical properties; 
pot life; type and proportion of hard- 
ener and curing method of rigid and 
flexible epoxy potting resins, thixo- 
tropic dipping pastes and varnishes. 
Also summarizes each resin system’s 
features and applications. Marblette 


Corp, 3731 13th St, Long Island City 
i; tee 
Circle 324 on Reader Service Card 


STEEL TAKE-UPS—Bulletin 55, 4 
pp. Carries dimensions, suggested 
chain numbers and engineering draw- 
ings of the units for roller chain 
drives, fixed center belt drives and 
single strand chain conveyors. Indus- 
trial Marketers, PO Box 28, Ferndale 
20, Mich. 

Circle 325 on Reader Service Card 


TIME METERS — Bulletin GEZ- 
3354, 4 pp. Contains applications, 
features, specifications, standard rat- 
ings, installation diagrams and dimen- 
sion drawings. General Electric Co, 
Schenectady 5, NY. 

Circle 326 on Reader Service Card 


AC PUMP MOTORS—Bulletin L- 
4121A, 6 pp. Furnishes selection and 
specification tables, mounting arrange- 
ments, speed-torque curves, principal 
dimensions, etc. of jet-pump and close- 
coupled designs. Kingston-Conley 
Inc, Plainfield, NJ. 

Circle 327 on Reader Service Card 


SOLENOID VALVES — Bulletin 
710-Q, 2 pp. Covers two types in 
seven sizes, giving pressure ratings, 

continued, page 120 


PRODUCT ENGINEERING - OCTOBER 30, 1961 





@ DYNAMIC 
TEMPERATURE 
RECORDING... 


TRANSIENTS, PEAKS, SINUSOIDAL VARIATIONS, 
this B & F Thermocouple Input Conditioner and 
Automatic Calibrator, for use with Multi-channel 
Recording Oscillographs, offers special advantages 
and versatility: @ Automatic 4-step calibration— 
simultaneous or sequential @ Calibration sets scale 
for direct reading of temperature into low impedance 
galvanometer regardless of input lead length or 
resistance @ Accommodates all commercial thermo- 
couples with their reference junctions @ Individual 
Channel Span and Damping Resistors @ Individual 
Channel Calibration Level Resistors 


input Conditioners e Torque Meter Systems e Power Sup 
plies e Accelerometers e Digital Logging and Plotting Systems 


3644 N. Lawrence St. 
Philadelphia 40, Pa. 
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ROTARY AIR 





Solve your product problems — 
specify positive displacement 


GAST -.: AIR COMPRESSORS 


weder 20 €Njoy excellent performance-per-pound 
o15 60s. «. . through years of demanding service 
. . « specify Gast heavy-duty Air Com- 
pressors. Forced-air dual fan cooling and 
automatic lubrication permit ‘round-the- 


clock operation at rated pressures. 


Design is simple and trouble-free. A 


) rotor and four sliding vanes are the only | 
moving parts. Vanes take up their own | 
wear automatically to maintain “like new" | 


efficiency for years. Air delivery is pulse- 
less and positive in displacement. They're 
compact (no bulky tank needed) — and 
adaptable for direct coupling or V-belt 


drive. Supplied on base, coupled to mo- 


tor if desired. 


As original equipment or for plant serv- | 
ice, they may help you solve design 
problems! May we send complete data? | 





. Max. Pressure, p.s.i.g. 
Con- 
tinu- Inter- Motor 
ously mittent§ h.p. 





vi 
” 


1 
WY, 
2 


5 




















*Without base or electric motor. 


WRITE TODAY FOR BULLETIN P-HD. | 


GAST MANUFACTURING CORP., P.O. Box 17-V 
Benton Harbor, Michigan 


@ AIR MOTORS TO 7 HP. 

©@ COMPRESSORS TO 30 P.S.I. 

@ VACUUM PUMPS TO 28 IN, 
“Air may be your answer!” 
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yy ry “ A e 
' Géa ga’ industries 
can do it for you 
-+. and the low cost 


will suprise you. 


WRITE TODAY AND SEE! 


GEAUGA INDUSTRIES Co. 
A Subsidiary of Carlisle Corporotion 
MIDDLEFIELD, OHIO 


This turn-to-lock plug 


MOLDED ON THE CORD 


in a complete assembly 


COSTS A LOT LESS 


than you might pay for an assembled-on plug alone. It's com- 
pact. Looks better. Lasts longer, too. Available in any color, it 
can even display your trademark. 

With hundreds of stock components to choose from, and 
engineered answers to special cord set requirements, Miller 
Electric has the capacity and the capability you want. 


Write for free Design Digest. 


g-y¥ MILLER ELECTRIC CoO 


120 Main Street + Pawtucket, R. I. 
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Multi-part assembly... 





or “assembly in the die?” 


WHICH PROVIDES THE COST-CUTTING EDGE FOR YOUR PRODUCT? 


If your product involves the assembly of two or more 
related metal parts, the chances are you can make im- 
portant savings and a better product by having assembly 
“done in the die.” Skilled one-piece die casting by 
Doehler- Jarvis cuts tooling and metal costs to the bone 
... Saves you time and money at every assembling and 


things as mismated parts. We call it UNITATION ... 
the unique Doehler- Jarvis combination of unitizing and 
automation that produces the part you want in a single, 
strong casting. To learn how you can benefit from UNI- 
TATION, why not let an experienced D-J engineer take 
a hard analytical look at your cast, formed or assembled 


joining stage. You save on rejects, too — DOEHLER-JARVIS metal parts. His suggestions may save 


in one-piece die casting, there are no such oivision oF NATIONAL LEAD company you thousands of dollars. Write or call. 


GENERAL OFFICES: TOLEDO 1, 
YORK. IN CANADA: BARBER DIE CASTING CO., LTD., 
SAO PAULO. IN ARGENTINA: DOEHLER ARGENTINA, S. A., 


& 3 
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OHIO. PLANTS AND SALES OFFICES: TOLEDO, OHIO; GRAND RAPIDS, MICHIGAN; POTTSTOWN, 
HAMILTON, ONTARIO, IN BRAZIL 
BUENOS AIRES. IN GREAT BRITAIN: METAL CASTINGS-DOEHLER, LTO., 


PENNSYLVANIA; BATAVIA, NEW 
INDUSTRIAS DOEHLER DO BRASIL, S. A., SAO BERNARDO D 


WORCESTER, ENGLAND 
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-E LEXAN’ POLYCARB 


STABLE ELECTRICALS. Binding posts 
made of LEXAN resin retain electricals 
even under moist, hot conditions. They 
do not loosen, are molded in six attrac- 
tive LEXAN colors for coding. Other fea- 
tures are: low loss and power factor, low 
dielectric constant, high voltage insu- 
lation, non-sink surfaces. 

(Superior Electric) 


DESIGN LITERATURE 





electrical data, construction details, 
dimensions and prices. J D Gould Co, 
4707 Massachusetts Ave, Indianapolis 
18. 

Circle 328 on Reader Service Card 


SLIP RINGS—Catalog, 16 pp. Spells 
out design features ard specifications 
of slip rings. brush assemblies, rotary 
switches and commutators. Also 
furnishes typical assembly drawings. 
Slip Ring Co of America, 3612 W 
Jefferson Blvd, Los Angeles 16. 

Circle 329 on Reader Service Card 


HYDRAULIC PUMPS — Bulletin 
761, 4 pp. Covers single-acting, hand- 
operated units of near-aircraft quality, 
furnishing operation, construction and 
application data. Dimension draw- 
ings, with and without reservoir, are 
included. Sheffer Corp, 326 W Wy- 
oming Ave, Cincinnati 15. 

Circle 330 on Reader Service Card 


OIL FILTERS—Bulletin I&M-5111, 
4 pp. Describes two-stage units for 
micronic contaminants and supplies 
photos, cross-section drawing showing 
flow paths, typical application circuits 


HEAT RESISTANCE. Beautiful handles of 
LEXAN polycarbonate resin are used in 
rugged service on U.L. approved solder- 
ing irons. They resist the impact, heat 
and abrasion of daily bench work. The 
hard, glossy handles are light in weight. 
Molded in three pastel colors, they pro- 
vide toughness and sales appeal. 
(Ungar Electric Tools) 


and pressure drop curves. Vickers Inc, 
Div of Sperry Rand Corp, Detroit 32. 
Circle 331 on Reader Service Card 


POLYPHASE INDUCTION MO- 
TORS—Bulletin 500, 2 pp. Data on 
integral hp, polyphase squirrel cage 
units includes typical performance 
curves and NEMA frame assignments 
by horsepowers and speeds. Design 
features are illustrated. Leland Ohio 
Electric Co, 1501 Webster St, Day- 
ton 1, Ohio. 

Circle 332 on Reader Service Card 


MINIATURE SCREW STAND- 
ARDS—Bulletin, 2 pp. Condenses 
new unified miniature screw thread 
and miniature screw standards in 
tabular form. Covers screw threads 
smaller than 0-80 and sizes as small 
as 0.0118-318. J I Morris Co, 394 
Elm St, Southbridge, Mass. 

Circle 333 on Reader Service Card 


SPEED CHANGERS — Bulletins 
51B9061B and 51B1042, 4 and 2 pp. 
Former deals with 4, 5 and 6 case 
sizes and latter with sizes 2 and 3. 
Performance characteristics and speci- 
fications are reviewed. Cutaways il- 
lustrate construction. Allis-Chalmers, 
Milwaukee 1. 

Circle 334 on Reader Service Card 


DIMENSIONAL STABILITY. Maximum al- 
lowable change in this 5-inch aircraft 
instrument part is only 5 mils over a 
temperature range of —65° to 300°F! 
And it must maintain this tolerance 
under high humidity. Part is injection 
molded of LEXAN resin as half spheres 
which are solvent cemented, lathe- 
turned and painted. (Lear, Inc.) 


MATERIALS LEVEL CONTROL— 
Bulletin L201-6102, 2 pp. Provides 
specifications, dimensions and con- 
struction details of unit for use with 
liquids, bulk dry or semi-dry ma- 
terials. Typical applications are 
sketched. Flo-Tronics Inc, Electronic 
Controls Div, 712 W Ontario Ave, 
Minneapolis 3. 

Circle 335 on Reader Service Card 


INTERLOCKED ARMORED 
CABLE—Bulletin F11-135, 4 _ pp. 
Tabulates specifications and dimen- 
sions of fittings and accessories for 
interlocked armored cable. Thomas 
& Betts Co, 36 Butler St, Elizabeth 
NJ. 

Circle 336 on Reader Service Card 


NYLON FASTENERS—Price sched- 
ule, 4 pp. Lists hundreds of machine 
screws, hex nuts, washers, and screw 
insulators according to sizes and 
prices. Machine Parts Supply Co, 
13 E 37th St, New York 16. 

Circle 337 on Reader Service Card 


HIGH CAPACITY SWITCHES— 
Data sheet 190, 2 pp. Details a 22- 
amp, steady state current capacity 
switch type, providing photos, dimen- 
sion drawing, electrical data, operat- 
ing characteristics and prices. Micro 
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ONATE RESIN 


TRANSPARENCY of LEXAN resin is 
important in chart guide for recorder. 
LEXAN resin is the only transparent 
plastic able to withstand heat generated 
by internal lights. It is distortion-free at 
temperatures up to 270°F and self- 
extinguishing. Its extremely high impact 
strength eliminates cracking of guides. 

(The Foxboro Co.) 


Switch Div, Minneapolis-Honeywell 
Regulator Co, Freeport, III. 
Circle 338 on Reader Service Card 


ELECTRIC POWER SHIFT—Bul- 
letin, 2 pp. Outlines capacity, mount- 
ing positions and construction features 
of electro-magnetic clutch-equipped 
unit for heavy duty use. Dimension 
drawings are supplied. Western Mfg 
Co, 3400 Scotten Ave, Detroit 10. 

Circle 339 on Reader Service Card 


ELECTRONIC COOLING EQUIP- 
MENT—Catalog, 48 pp. Offers 
mechanical and electrical character- 
istics of packaged blowers, propeller 
fans, centrifugal blowers ring fans 
and accessory items. Performance 
curves and engineering drawings are 
included, as well as basic design in- 
formation for ventilating electronic 
equipment using forced-air cooling. 
McLean’ Engineering Laboratories, 
PO Box 228, Princeton, NJ. 

Circle 340 on Reader Service Card 


ADJUSTABLE FIXTURES—Cata- 
log, 4 pp. Specifications and prices 
are noted for portable, adjustable 
bench, table and floor lamps and il- 
luminated magnifiers. O C White Co, 
17 Hermon St, Worcester, Mass. 
Circle 341 on Reader Service Card 
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TOUGHNESS. Press-fitted into metal 
gear used in an electric drill, bushing of 
LEXAN polycarbomate resin provides 
safety from electric shock . . . helps 
eliminate need for additional grounding. 
Strength and creep resistance of LEXAN 
resin enables bushing to withstand 
torque and load requirements of drill. 
(Millers Falls Co.) 


FACTORS—Wall 
chart, 8% x 11 in. Includes such 
common conversions as inches to 
centimeters or watts to hp, as well as 
atmospheres to Kgs/sq cm; cm/sec 
to miles/hr; cu ft to liters; microns 
to meters; quintal to Ib, etc. Precision 
Equipment Co, 4411E Ravenswood 
Ave, Chicago 40. 

Circle 342 on Reader Service Card 


CONVERSION 


COLOR TINTS, SHADING FILMS 
—Brochure, 6 pp. Illustrates available 
types, patterns and colors. Discusses 
features and gives instructions for use. 
Chart-Pak Inc, Leeds, Mass. 

Circle 343 on Reader Service Card 


BERYLLIUM—Booklet, 17 pp. Con- 
tains 24 tables with data on physical, 
thermal, electrical, chemical and 
nuclear properties of beryllium. Gen- 
eral Astrometals Corp,. 320 Yonkers 
Ave, Yonkers, NY. 

Circle 344 on Reader Service Card 


INDEXING UNITS—Bulletin 26, 16 
pp. Outlines features of basic and pre- 
cision units and supplies data on avail- 
able indexing cams and dial plates, on 
machine bases, motors and electric 
timers. Included are load and torque 
rating tables, load calculation formulas 


GOOD DIELECTRIC— 
AND MUCH MORE! 


ARE YOU LOOKING FOR A PLASTIC 
THAT CAN REALLY TAKE IT? 


To demonstrate the toughness of 
LEXAN resin, salesmen will some- 
times slam and hammer a product 
made of the material. LEXAN has 
the highest impact strength of any 
plastic — amounting to 12-16 foot- 
pounds per inch of notch—and it 
usually emerges unscathed from en- 
counters with such “merchandising 
stresses”. It is a high-performance 
material, likewise, with regard to 
high-temperature behavior and di- 
mensional stability. 

Its many other advantages make 
it a priority material for thorough 
investigation by all designers, engi- 
neers and molders. We will be 
pleased to supply you with informa- 
tion on the properties, processing and 
end-uses of LEXAN resin. Don’t 
hesitate to write to us. General Elec- 
tric, Chemical Materials Department, 
Section PE-1, Pittsfield, Mass. 


LEXAN* 


Polycarbonate Resin 


GENERAL @@ ELECTRIC 
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and nomogram for weight and mo- 
ment of inertia calculations. Standard 
Tool & Mfg Co, 738 Schuyler Ave, 
Lyndhurst, NJ. 

Circle 345 on Reader Service Card 


LETTERHEAD REQUESTS ONLY 


Manufacturers who published following 


literature asked that requests for copies be 
made on company letterheads. 


QUICK CONNECTS—Catalog 60A, 
62 pp. Supplies dimensions, weights, 
working pressures, flow, pressure drop 
and spillage data on coupling series. 
Construction details are illustrated in 
cutaways. Also includes a packer us- 
age guide, which lists more than 575 
fluids and gasses and points out types 
of seals to be used with these fluids 
at various temperature limits. Robert 
Johnson, Snap-Tite Inc, Union City, 
Penna. 


HYDROSTATIC TRANSMISSION 
—Bulletin DP-2, 4 pp. Applications 
to off-road mobile traction drives, 
mixing drum drives, winch and fan 
drives and remote drives are high- 
lighted. Specifications, performance 
curves and dimensions are given. Sales 
Dept, New York Air Brake Co, Star- 
buck Ave, Watertown, NY. 
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Here’s Why 


LEADERS 


Specify 


EMPLOYMENT OPPORTUNITIES 


The Advertisements in this section include al] employment opportunities—execu 
tive, management, technical, selling, office, skilled, manual, etc. 


Positions Vacant Civil Service Opportunities 
Positions Wanted Selling Opportunities Wanted 
Part Time Work Selling Opportunities Offered 


Employment Agencies 
Employment Services 
Labor Bureaus 


CURTIS 


UNIVERSAL JOINTS 


Specify the joints the lead 


ers depend on 


Only Curti elge, 
vides the patented Tell 
tale’ Lock Ring 


€ éG U 4 T 3 
c 

UNIVERSAL JOINT CO., INC. 
1110 Birnie Ave., Springfield 7, Mass. 





DISPLAYED 

The advertising rate is $37.00 per inch for all adver- 

tising appearing on other than a contract baais. 
Frequency rates quoted on request. 

An Tey I poe is measured %” —_ on sé 
lumns—30 inches to a 


janes to pon Commission. 


—— 


UNDISPLAYED 
sag = line, oie 2 Mines, To figure advance 
it count 5 average words as a line. 
Position Wanted Ads are % of above rate. 
Box Numbers—counts as | line. 
Discount of 10% if full payment is made in advance 
for 4 consecutive insertions. 
| Not subject to Agency Commission. 


Send NEW ADS to Classified Advertising Div. of PRODUCT ENGINEERING, P. 0. Box 12, N. Y. 36, N. Y. 








Responsible 
Positions for 
INDUSTRIAL 
ENGINEERS 


The Portsmouth Naval Shipyard 
needs several high calibre In- 
dustrial Engineers, including two 
supervisors, for the Methods 
and Standards Branch of the 
Production Engineering Division. 
These positions involve such pro- 
grams as work and perform- 
ance measurement, work stand- 
ards and methods improvement. 
Some shipbuilding experience 


preferred. 


Excellent resort living condi- 
tions on or near the ocean. 
Starting salaries between $8,955 
and $12,210, plus all the bene- 
fits of Career Civil Service. Trans- 


portation will be paid. 


Send personal information to: 
Director, Industrial Relations, 
Portsmouth Naval Shipyard, 
Portsmouth, New Hampshire 














Your Inquiries to Advertisers 
Will Have Special Value... 


—for you—the advertiser—and the publisher, if 
you mention this publication. Advertisers value 
highly this evidence of the publication you read. 
Satisfied advertisers enable the publisher to secure 
more acivertisers—and more advertisers mean more 
information on more products or better service— 
more value—to YOU, 





ENGINEER-MECHANICAL 
with PACKAGING PLANT EXPERIENCE 


M. E. Degree; Position involves super- 
vision of design; field inspection of 
plant installations and coordination of 
planning for new packaging plant 
facilities; some production line de- 
velopment work; must have ability to 
work with manufacturers to develop 
equipment purchase contracts; please 
send resume of past experience; all 
replies will be held confidential. 


ANHEUSER-BUSCH, 
INC. 


q ‘ a De 
QL HOME OF BUDWEISER 


« Ww P : 
Oatue St. Lovis 18, Missouri 








ENGINEER 


HEATING AND 
AIR CONDITIONING 


Excellent career opportunity with estab- 
lished company, enjoying national dis- 
tribution, for graduate engineer with at 
least five years experience in design 
and development of heating and air 
conditioning equipment. Write J. W. 
Henry, Personnel Manager, Cavalier 
Corporation, Chattanooga, Tennessee. 








NEED ENGINEERS? 


An employment advertisement in the 
EMPLOYMENT OPPORTUNITIES SEC- 
TION will help you find the engineers 
you need. It’s an inexpensive, time- 
saving method of contacting competent 
personnel for every engineering job in 
the field of product design, research & 
development. The all paid circulation 
of PRODUCT ENGINEERING offers you 
an opportunity to choose the best quali- 
fied men available. 


For rates and information write: 


CLASSIFIED ADVERTISING DIVISION 


Product Engineering 
P. 0. Box 12 New York 36, N. Y. 
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‘PARAMOUNT 

Front View ' Die Castings Rear View 
| AT WORK 
' 


No. 6 of o Series , ALUMINUM 


RETAINER 


ZINC 
AIR VOLUME ‘ooume. 
CONTROL KNOB vant 
AND VALVE 


PARAMOUNT QUALITY... chosen by Shakespeare 
Products for this automotive air conditioner part 


Quality components make quality products. That's why Shakespeare 
Products Company chose Paramount to make the zinc and aluminum 
castings for this air conditioner part for a well-known automobile 
Paramount qua/ity coupled with engineering and production ‘know-how’ 
are reasons why it will pay you to look to Paramount ; 

Investigate Paramount's complete services now acted 8 
—- oe 


Three complete plants—two in St. Joseph, Mich ae 


ZINC 
BALL-TYPE ALUMINUM 
LOUVER HOUSING 


one in Seymour, Indiano. 


ae 


SEND for “Designing for Die Casting t= 


PARAMOUNT Die Casting Co. 


(A subsidiary of TALON, INC ) ST. JOSEPH 4, MICHIGAN 
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“Like this — see?” 





Often the best way to get a message across is by demonstra- 
tion. Our message is about mechanical shaft seals. We can give 
you plenty of facts about our seals—why they are better—why 
they are preferred by most manufacturers—why you should use 
them. Instead, we'd like to demonstrate the superiority of our 
seals by putting actual proof in your hands. Just give us your 
seal problem, we'll send a design proposal—then you decide. 


Write to: Cartriseal Corporation, 
3515 W. Touhy, Lincolnwood, Ill. CARTRISEAL 
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FUNK SAVED MONEY 
FOR THIS COMPANY 


ars os : 


= 
Po: IE, ; 


On this Dart ‘‘Mine Buggy” a 
compactly-designed Funk transmission 
provides multiple speed control and 
doubles as a drop box, thus saving the 
cost of a 3-stage gear box or a fixed 
chain drive. 


And a Funk Revers-O-Matic Drive, 

equipped with torque converter, allows 

the buggy operator to change direction 

of travel with foot lever only. 
Another example of how FUNK MODULAR POWER 
UNITS can be economically combined — in an unlimited 
number of arrangements. 


Let FUNK solve your power transmission problem. 





Box 577-D 
Coffeyville, 














Compartments Require 


CHECK THE “SPECS” ON 
Locks! THESE AND GET PRICES 


No. 5604 No. 5605 


SPECIFICATIONS 
SPECIFICATIONS 
in. length of Case. 


in. width of Case. 
in. thickness of Case. 
in. edge of Door to c. of 


3” Overall Length of Case. 
1” Overall Width of Case. 
5/16" Overall Case Thickness. 
tg Lock Edge (Latch Side) 

to Center o quare Hole. 
square hole. 5/16" Sq. Hole for Handle. 
5/16 in. sq. hole for Handle. Vo"'x2¥%" Centers of Mounting 


3e Ibs. weight each. Holes. Ve ibs. Weight each. 


In addition to the 2 compartment locks shown here, 
Eberhard makes a line of Cabinet Hardware which will 
interest many designers and manufacturers. 


Write for details on any or all items to: 


The EBERHARD MFG. CO. 


DIVISION OF THE EASTERN CO. 
2701 Tennyson Rd. Cleveland 4, Ohio 
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SEAL WITH A 


SEALOL 


Rotating 
Metal Bellows 


SEAL 


* Only one moving part 
* Unlimited shelf life 
+ —350° to +800°F 


Because every “605” is suitable 
for a thousand and one different 
applications, you can reduce seal 
inventories and spares up to 40%. 


The secret is in the fact that every 


“605” is fully pressure balanced 
and uses no dynamic elastomers. 
Result? Unlimited shelf life and, 
if certain basic requirements are 
met, any place a compact “605” 
will fit, it will work. 

Try one and see for yourself. Sizes 
from .875” to 2.500” shaft diameter 
are available for immediate deliv- 
ery. Send today for catalog and 
price information. No obligation, 
of course. 


1310A Post Road, Providence 5, R. |. 


New York * Chicago * Cleveland * Los Angeles 
Son Francisco * Houston * Philadelphia 
Paris, France * Uxbridge, England 
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INDEX TO ADVERTISERS 


This index is published as a convenience to the readers. Every care is taken to make it accurate but 
PRODUCT ENGINEERING assumes no responsthility for errors or omissions 


AMP, Inc. 23 

Aetna Ball & Roller Bearing Co., Div., Parkers- 
burg-A2tna Corp. 

Allied Chemical Corp., Plastics Div 

Allen-Bradley Co. 

Aluminum Co. of America 

American Nickeloid Co 

Anaconda American Brass Co 

Anchor Coupling Co., Inc 

Armco Steel Corp 


B & F Instruments, Inc 

Beaver Precision Products, Inc 
Bendix Corp., Eclipse-Machine Div 
Bruning Co., Inc., Charles 


Cartriseal Corp. 
Chicago Rawhide Mfg. Co. 4th Cover 
— -Diamond Fibre Co., Subs. of the Budd 
0 
Crane Plastics, Inc 
Curtis Universal Joint Co., Inc 


Davies Molding Co., Harry 

Dixon Corp. 

Doehler-Jarvis Div., National Lead Co. 

Dow Corning Corp 

du Pont de Nemours & Co., (Inc.), E. 1, Photo 
Products Dept. 


Eberhard Mfg. Co 123 
Enamelstrip Corp., Div., National Steel Corp . 34-35 


Firestone Rubber & Latex Products Co., Div., 
Firestone Tire & Rubber Co 79 
Funk Mfg. Co 123 


Gast Mfg. Corp 118 
Geauga Indu:tries Co., Subs., Carlisle Corp 2 
General Aniline & Film Corp., Ozalid Div 101 
General Electric Co., Chemical Materials Dept 120-121 
General Electric Co., Silicone Products Dept. 

Globe Industries, Inc 112 
Gries Reproducer Corp 112 


Handy & Harman 40 
Heim Co. 104 
Humphrey Products Div., General Gas Light Co 112 


International Nickel Co., Inc 22 


Jordan Controls, Inc 113 


Kaupp & Sons, C. B 4 
Kaydon Engineering Corp 81 
Koppers Co., Inc., Plastics Div 


LaSalle Steel Co 29 
Lead Industries Association 110 
Link-Belt Co 12 


McLouth Steel Corp 99 
Marsh Instrument Co., Div. of Colorado Oil & 

Gas Corp. 116 
Masiand Duraleather Co., The 91 
Miller Electric Co 118 
Minnesota Mining & Mfg. Co., Adhesives, Coat- 

ings, Sealers Div 82 
Molded Fiber Glass Co 106 
National Seal Div., Federal-Mogul-Bower Bearings, 

Inc. 3rd Cover 
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NATIONAL BUD’ OIL SEALS 


OVER 3,500 DIFFERENT SIZES IN PRODUCTION 


BUD (Bonded Universal Design) Oil Seals 
field-proved in over 20 million cars, trucks and buses. 
Economical, ready when you need them. 


National has complete tooling to provide you with a broad 
range of dependable BUD® seals covering virtually 100 
shaft sizes for standard applications. 


In National BUD seals, the lip is permanently bonded to 
the metal casing. This means less rubber needed, less 
frictional heat at contact points, longer life, less space 
required in applications. Bonded design eliminates in- 
ternal leakage, and BUD seals are phosphate coated to 
avoid rust. With these features plus superior concen- 
tricity and rugged, simple design, BUD seals have proved 
outstanding in many millions of hours of widely varied 
field usage. 


Available with single or dual lips; in single case design 

National 410,000 for standard precision shaft sealing, or double case de- 
sign for heavy duty use of severe press fit. Sealing mate- 
rials are available for temperatures from —80°F to + 400° 
F, to operate in most oils or industrial fluids. 


The bonded design was pioneered at National Seal— 
industry’s oil seal headquarters for 40 years. If yours is a 
standard application, your National Seal field engineer 
has the proper BUD seal for prompt delivery; if yours is 
a special design his experience can help you cut sealing 
costs. He’s listed in the Yellow Pages, under “Oil Seals.” 


Now National catalog lists BUD seals. 


National 450,000 Write for your copy today. National 480,000 


NATIONAL SEAL 
Ses «aR eR 


*RUD (Bonded Universal Design) Plants: Van Wert, Ohio; Downey and Redwood City, California 


Division, Federal-Mogul-Bower Bearings, Inc. 
General Offices: Redwood City, California 
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COMPRESS AIR 


COMPRESS COSTS 
BETTER 


when you design-in C/R Sirvon* Piston Rings 


Here's how well they're 
working now — for others: 


Case 1 —In air: Two split Sirvon rings 
in one groove were used in a small port- 
able compressor under these conditions: 
speed 1725 rpm, stroke .352”, pressure 
75 p.s.i., output air temperature 100° F. 
No lubricant. After discontinuance of test- 
ing at 2000 hours, the rings were still in 
excellent condition, functioning perfectly. 
Other applications require only a single 
ring. 
Case 2—In oil: A leading farm equip- 
ment manufacturer has tested and ap- 
proved C/R Sirvon solid rings for a 
hydraulic application at pressures up to 
2000 p.s.i., and shock pressures to 2500 
p.s.i. in fluid equivalent to S.A.E. #10 
oil. (Rings have been applied in special 
cases under pressures up to 8000 p.s.i.) 
Consider these advantages 
Right now Sirvon rings are permitting 
nportant cumulative economies in pneu- 
matic and hydraulic units for both manu 
facturer and user. 
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. Sirvon rings can run bone-dry where oil 
might contaminate the system. 

. Friction loss is greatly reduced by the 
low coefficient of the base resins. 

. Low-friction Sirvon rings greatly in- 
crease service life — eliminate cylinder 
scoring. 

. Piston design is simpler, less costly. 
Ring installation is simple, assembly 
costs less. 

6. Leakage is reduced. 

Further, Sirvon rings are practicable for 

use in almost any air, gas, or fluid medium. 

They are inert to all commercial chemicals 

except hydrofluoric acid and molten alka- 

lies, and will operate at temperatures from 

—400 to +500 F. 


Why C/R Sirvon Piston Rings? 
Because Chicago Rawhide is already an 
acknowledged leader in the field. C/R has 
experience in the complex technology re- 
quired for compounding, molding or ex- 
truding piston rings with correct thermal 
stability, wear resistance and dimensional 


accuracy. In short, C/R knows how — 


now — and is producing dependable rings 
in large quantities for major users. C/R 
Sirvon engineers will welcome the oppor- 
tunity to work with you. 

Free sample: Tell us the size ring you 
would like to see. We'll send you a free 
sample Sirvon ring in that range. No obli- 
gation, of course. 


. VON R's trad arne 


wa 


CHICAGO RAWHIDE 
MANUFACTURING COMPANY 
1237 Elston Avenue * 

Offices in principal cities 


Chicago 22, Illinois 


See your telephone directory 
In Canada; Chicago Rawhide Products Canada Ltd., 
Brantford, Ontario 


Export Sales: Geon international Corp., 
Great Neck, New York 























